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ABSTRACT 


In the Bellshill Lake area, Mannville Group sediments directly 
overlie Paleozoic rocks. The topography of the pre-Mannviile surface 
as outlined by an isopach map of the Lower Cretaceous beds is charac- 
terized by the presence of the valley of an Early Cretaceous river, 
which drained the region east and southeast of the Bellshili Lake area 
and flowed northward into an arctic sea. - The valley crosses the Bells-~ 
hill Lake area from east to west and seems to constitute one of the 
upper arms of the Edmonton Channel. 

Starting in late Barremian, the first sediments which were de- 
posited on the eroded Paleozoic surface were continental in origin 
(McMurray Formation). Continental conditions prevaiied until the ar- 
rival of the Clearwater sea in Middle Albian time, then the sea with- 
drew toward the north (Fort Augustus Formation). 

An outstanding feature of the local stratigraphy is the existence 
of a channel-fill sandstone at the base of the Fort Augustus Formation. 
This channel whose pattern was found to be markedly meandering, has 
been mapped in the Bellshill Lake area. 

Sandstones of the Ellerslie Member are quartz sandstones, those 
of the "Calcareous" member and channel are transitional between quartz 
and lithic sandstones, while those of the Fort Augustus Formation are 
lithic sandstones (Travis, 1955). Most of the Mannville Group sand- 
stones are cemented, essentially by calcite, the main source of carbonate 


coming from the erosion of Paleozoic limestone beds. 
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CHAPTER 1. 
INTRODUCTION 


General Statement 
Starting with Badgley (1952), a number of authors, among them 
Glaister (1959), Williams (1960), and Melton (1967) have studied the 
Mannville Group in the subsurface of central Alberta. Although the 
terminology used was modified slightly in the last of these studies, 
the stratigraphy of the group seems to be fairly well established now 
and reasonably accurate correlations may be made with adjacent areas 
such as the McMurray and Peace River areas, and the Alberta Foothills. 
Therefore it seems that emphasis might now be given to more 
localized areas of central Alberta where particular problems, either 
stratigraphic or petrologic, occur. It is evidently out of the question 
to suppose that these studies of local interest may permit stratigraphic 
conclusions to be drawn on the regional scale (central Alberta) as 
only the local stratigraphy may be studied and the terminology to be 
used must generally be borrowed from a wider ranging study. On the 
other hand emphasis may be given to the geometry and petrology of 
units, which is sometimes decisive and sufficient for interpretation 
of particular local problems in this type of sediment where fossils are 
often absent or non-diagnostic. The present study of the Mannville 
Group in the Bellshill Lake area is to be classed among these types 


of studies. 


Scope of the Project 


The Bellshill Lake area is located in Alberta, about 100 miles 
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southeast of Edmonton and about 60 miles west of the Saskatchewan 
border (see map Fig. 1). The studied area, square-shaped, covers 9 
townships, centered on Township 41, Range 12 west of the Fourth 
Meridian. 

The study of the Mannville Group in the Bellshill Lake area 
was undertaken for several reasons. The main one was the presence 
in the area of an important, though localized, thickening of the 
McMurray Formation sandstones of the Lower Mannville Group. This 
feature is of considerable interest as it is directly responsible 
for the existence of the oi] and gas accumulation in the Bellshill 
Lake and Thompson Lake fields. Only a few authors (Rudolph, 1959; 
Conybeare, 1964, 1967; and Martin, 1969) have discussed these hydro- 
carbon accumulations. To the writer’s knowledge no comprehensive 
study of the area has been published. 

Another reason, though related to the fact above, was that the 
maximum extent of the Clearwater transgression toward the south, as 
outlined by Williams (1960) seemed to correspond to the Bellshill Lake 
area. Under these conditions, one could wonder if the thickening of 
the McMurray sandstones could actually represent a near-shore type 
marine deposit linked to the Clearwater transgression (beach deposit, 
barrier-island ...). | 

A third reason centered on studying the pre-Mannville paleo- 
topography, the geometry and stratigraphy of the di Fickent units and 
the petrology of the sandstones which represent a good deal of the 
deposits encountered, in order to set the studied area within the 


pattern proposed for the whole of Central Alberta by the different authors. 
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The objectives ascribed to the present study may be summarized 
as follows: 

1) To outline in detail the paleotopography on which the 
lowermost sediments of the Mannville Group were laid down in an area 
surrounding the Bellshill Lake oi] field. 

2) To study the geometry and local stratigraphy of the different 
units of the Mannville Group. 

3) To study the detailed petrology of the sandstones of the 
Mannville Group. | 

4) To propose an explanation for the local thickening of the 
sandstones of the McMurray Formation in the Bellshill Lake area. 

5) To outline the regional paleogeography and evaluate the 


depositional environment of the Mannville Group in the area of study. 


soreviat Used - Methods of Investigation 

All the electric logs of the wells driiled prior to 1970 
(about 265 welis) were used in constructing stratigraphic cross- 
sections and the subsurface maps of the area. Sixteen wells (see 
Appendix A for locations) were chosen for a detailed study of cores, 
on the basis of their location with regard to the main features of 
the area and the availability of cores. Distribution of cores did 
not make the study easier, as in Township 41, Range 12 west of the 
Fourth Meridian, where almost all the wells studied in. detail are 
located, most of the cores come from the reservoir unit of the Bellshill 
Lake field and therefore correspond almost always to the same strati- 
graphic level. About 1000 feet of cores from the seventeen wells 


were described in detail with the aid of the binocular microscope 
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(core descriptions - Appendix C). 

Size analysis was done by sieving on nineteen sandstone 
samples from the McMurray Formation (for location of samples, see 
Appendix B). Sieving data were processed on the IBM 360/67 computer 
of the University of Alberta, Computing Center, using a program written 
for the Department of Geology, to determine the usual statistical 
parameters and plot tne main size distribution curves of the sediments. 

Fifty thin sections of the McMurray and Fort Augustus Formations 
were prepared (for location of samples, see Appendix B). Due to the 
high degree of friability of most of the sandstones studied, about 
half of the samples had to be treated by injection of resin before 
the thin sections could be prepared. The point count method was used 
to analyse twenty thin sections, in order to obtain the precise compo- 
sition necessary for the classification of sandstones. 

These different methods of investigation when taken together 
in the context of the pattern currently deveioped for the whole of 
Alberta, permitted an interpretation to be made of the paleogeography 
and depositional environment existing in the Bellshill Lake area early 


in Cretaceous time. 
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CHAPTER 2 


THE MANNVILLE GROUP IN CENTRAL ALBERTA 


Review of Previous Work 

Lower Cretaceous rocks do not crop out in central Aiberta, thus 
it is in areas situated farther north along the Athabaska and Peace 
Rivers that they were first described and studied in the latter part 
of the nineteenth century. Consequently many of the names applied in 
central Alberta originated elsewhere (Grand Rapids, Clearwater, 
McMurray, etc.). 

The first studies on the Lower Cretaceous sediments in central 
Alberta were carried out in the eastern plains (Wainwright-Lloydminster- 
Vermilion area - see map Fig. 1) by Hume and Hage (1940, 1941), Nauss 
(1945, 1947), who introduced the name Mannvi lle Formation and attempted 
the first stratigraphic divisions, and by Wickenaen (1948). 

Little was known however of Lower Cretaceous strata in the 
central plains until the discovery of the Leduc oi] field in 1947, 
Extensive drilling which resulted from this discovery added immensely 
to the knowledge of regional stratigraphy. 

The first publications which followed, dealing with the Lower 
Cretaceous in central Alberta, were descriptions of sections encountered 
in wells, mostly in the Edmonton area. Thus Kidd (1948), Andrichuk 
(1949), Layer (1949), Hunt (1950), and Lockwood and Erdman (1951) re- 
ported on sections found at the Anglo-Canadian 0i1 Company et al 
Beaverhill Lake No. 2 well (11-11-50~17W4), the Texaco-McColl Majeau 
Lake No.1 well (12~1-57-3W5) and Leduc, Whitemud and Stettler oil 


fields respectively (see map Fig. 1). 
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More specifically, paleontology-oriented work done by Nauss 
(Vermilion area, 1947), Loranger (Edmonton area, 1951) and Nikiforuk 
(Bear Oi] Company Villa No. 1 well, 7-8-74-14W5, 1956) must also be 
mentioned. 

The first comprehensive study of Lower Cretaceous sediments in 
subsurface central Alberta was by Badgley (1952). Subsequent reports 
were respectively by Workman (1958, 1959), Glaister (1959) and Williams 
(1960, 1963). More recently, Williams et al. (1962) dated detrital 
feldspars and authigenic glauconite from the Mannville Group of central 
Alberta, Singh (1964) studied the microflora of the Mannville Group in 
east-central Alberta, and Campbe?1 and Williams (1965) dealt with the 
chemical composition and depositional environment of Mannville Group 
shales of central Alberta using the X-ray fluorescence method, 

Mellon (1967) in dealing with the stratigraphy and petrology 
of the Blairmore and Mannville Groups, mcdified the earlier terminology 


by introducing the term Fort Augustus Formation. 


Previous Work in the Studied Area 

Besides the above work, the scope of which generally comprises 
the Bellshill Lake area, only a few authors have dealt with the Mann- 
ville Group within the studied area. . 

Rudolph (1959) reported on the Bellshill Lake field discovery 
in 1955, referring to the regional geology and Lower Mannville 
stratigraphy. Dealing with the major erosional low that occurs in the 
central part of the area under consideration, he mentioned in particular 
that ". . . the bordering highlands were undoubtedly the source of part 


of the lower Blairmore sediments laid down in this trough, and their 
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configuration probably affected the currents which caused the develop- 
ment of the sand bars within the Basal Quartz section of tne Lower 
Cretaceous, such as at Bellshill Lake". 

Conybeare (1964, 1967) and Martin (1966) referred to the 
Bellshill Lake field in their study of oi] accumulation in stratigraphic 
traps. They both attributed an eroded fluvial terrace origin to the 
massive sandstone section of the Bellshill Lake and Thompson Lake 
fields. 

Since then, numerous wells have been driiled in the area 
especially in a northwestern extension of the Bellshill Lake field in 
Sections 31 (Township 41,-Range 12 W4) and 36 (Township 41, Range 13 
W4), adding to our knowledge of jiocal stratigraphy as well as particular 


geometry of the sandstone succession at the base of the Mannville Group. 


Stratigraphy of the Mannville Group in Central Alberta 

Two transgresssions occurred in western Canada during Albian 
time. The first one, associated with the Mannville deposits, thus the 
only one that one is concerned with in this study, began in late Lower 
or early Middle Albian time.. It was an invasion by a boreal sea which 
reached its maximum southward extent in Middle Albian time and then 
retreated northward. 

As Williams (1960, p. 20) pointed out, ". . . the fundamental 
simplicity of the stratigraphic pattern developed by this transgression~ 
regression cycle has been largely obscured by proliferation of local 
names and lack of regional correlations". 

The terminology used successively by the different authors 
to whom reference is made above has been summarized in Table I. 


Williams' (1960, 1963) terminology for the Mannville Group in 
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the Edmonton area includes the McMurray, Clearwater, and Grand Rapids 
Formations, in ascending order. The McMurray Formation is in turn 
divided into Deville, Ellerslie and "Calcareous" Members, whereas the 
lower part of the Clearwater Formation is termed the Wabiskaw Member. 
The name Fort Augustus Formation was proposed by Mellon in 1967 
for the upper part of the Mannville Group in the central Alberta plains, 
above the "Calcareous" member of the McMurray Formation and below the 
marine Joli Fou shale. The Fort Augustus Formation, by this definition, 
is strictly tne equivalent of Williams' Clearwater and Grand Rapids 
Formations. 
Mellon's terminology, the twofold subdivision of which best 
fits the Mannviile sequence encountered at Bellshill Lake, was used 


in this work. 
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CHAPTER 3 
PALEOTOPOGRAPHY 


Sub-Mannville Surface Structure Contour Map 

In the Bellshill Lake area Lower Cretaceous strata directly 
overlie Paleozoic rocks. The pattern indicated by the Paleozoic 
surface structure contour map (Fig. 2) is the outcome of both the 
configuration of the Paleozoic substratum prior to deposition of the 
Mannville Group, and the present regional dip toward the centre of the 
Alberta syncline (NNW-SSE trend of contours). 

Though somewhat overshadowed by the general southwesterly 
regional dip, a certain number of anomalies of N-S or NNE-SSW trend 
appear, the aspect of which suggests the presence of valleys sculptured 
on the Paleozoic surface, for example, in Township 41, Range 13 W4M, 
Township 42, Range 13 W4M, and Township 40, Range 17 W4M., 

As the regional dip is relatively constant over the entire area, 
it may also be suggested that every variation in the density of contour 
lines iS related to "breaks" in the Paleozoic surface paleotopegrapny. 
If this may be assumed, it would then seem that a major low would exis 
in the central part of the mapped area, stretching from NW to SE from 
Township 41, Range 13, W4M to Township 40, Range 11, W4M. 

As Rudolph (1959) pointed out, the topographically high feature 
trending southeast beneath the Bellshill Lake field ". . . looks much 
more spectacular than it really is, there being only about 10 to 20 ft. 
of relief on the Paleozoic..." (p. 889). 


These different observations will generally be confirimed by the 


isopach map pattern. 


yisootth sieve side sak | ir 
ai S09 /'HA “wrt ne sulin fees ont. sean 8 7 
ott? ited te: suadodsio. ‘arth at ue ei peviennnaiews 
innate ti _Sfovoo tet ant Fane 
ait: TD ities: ‘es red git uted scence : 
ae ara hi eae, enn be tie 
or feange’ sid ye SaNebaREN | _ 
fins Mees Bilir ehsds “tte ee i un a » iain 
bole tie inktay we sit etd an ntigud methty w rosea 
a sign? ae abitaiad ith ale at | 8 bai 
ee “is am sun Sh 4 
Ce ee eR iSong. att wet 
so ip 8 Nt neat eles ‘P6tid bait pede’ ed oete 
opt papegoatalteg. sostwe raROOTR a we aon or bardtey eh 
7 tetas bis wot again 3 ieity ee atte Wve 91 Lbeaaees of von 
maint Be a bet .89nS heqgem sit To t98q Tyrie 9 
a 2. alk 1 sien 80 gianna of MME CF nape «2 
sree: He cians att tuo, Banting (@eT) infatns. * 
doom ar oe bir ated creel 98 ont sagan tasontuee. continent 
a 08 03 or ade xfn0 wi reall, <2) seated sense 


ard yd bawii twos od ieuaa ies ahi senile: | 
; ‘ eer ‘ee 


he ye 


2 i PO nehy kaegeb oe: seg 


12 


Lower Cretaceous Isopach Map 


The Base of the Fish Scales marker, the widespread extent of 
which is well known in Western Canada, has been used to construct an 
isopach map of the Lower Cretaceous deposits (Fig. 3). Provided no 
tectonic phenomena took place during the time in which the strata were 
deposited, which is generally thought to be the case in the area under 
consideration, this map represents the best tool to use to reconstruct 
the paleotopography prior to deposition of the Mannviile, as it allows 
the removal of the regional dip. The Base of the Fish Scales marker was 
also used as datum for the construction of stratigraphic cross-sections. 

Due to differential compaction phenomena which take place 
between sections where thick sand bodies occur and sections where 
shales are prominent, it must always be kept in mind that the above 
isopach map does not perfectly reflect the paleotopography of the 
Paleozoic surface. Sections where thick sand bodies are present would 
tend for this reason to appear as "lows" compared to adjacent sectors 
where shales predominate. In order to eliminate these phenomena as 
much as possible, the Base of Fish Scales structure contour map has 


always been consulted in the interpretation of the isopach map. 


Paleotopography 


The topography of the Paleozoic surface prior to deposition of 
the Mannville Group was characterized in the studied area by an elon- 
gated "low" stretching SE-NW from Township 40, Range 11, W4M to 
Township 41, Range 13, W4M; then bifurcating toward the southwestern 
corner of Township 41, Range 13, W4M. 


In detail, the flanks of this feature are very irregular in 
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shape (the apparent regularity of the southwestern slope seems to be 
only due to the lack of well control in this sector), showing a series 
of secondary tributary "lows" connecting almost perpendicularly to the 
central valley feature. Maximum topographic relief within the studied 
area is close to 200 ft. 

The pattern indicated by the map has been interpreted as an 
ancient valley and its tributaries. Due to the lack of well control 
in the area where the river bottom seems to be situated, it is difficult 
to determine accurately the width of the valley bottom; nowever it may 
have been as much as 3 miles wide. 

Most of the studied area is occupied by the bed and the gentle 
flanking slopes of this valley. Only the northern part of Township 
42, Range 11, W4M might constitute a sort of Flattened interfluve 
overlooking the right (northeastern) slope of the valley. 

This interpretation is in agreement with that of Williams (1960, 
1963) who showed that the Paleozoic surface paleotopograpnhy was charac- 
terized by a". . . series of sub-parallel ridges and valleys trending 
Slightly west of north" (p. 14). Thus he distinguishes from west to 
east - the Edmonton Channel, the Wainwright Ridge and the St. Paul 
Channel. The chennai were interpreted by Williams as ". . . valleys 
of Early Cretaceous rivers which drained the country southeast of 
Edmonton, and flowed northward into the arctic sea" (p. 14). 

If one attempts to fit the studied area into the whole central 
Alberta scheme proposed by Williams, it can be seen that the Bellshill 
Lake area is situated in the "high" part of the Edmonton Channel, 


slightly southwest of the Wainwright Ridge and that the valley whose 
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evidence has been demonstrated in this study seems to constitute one 


of the upper arms of the Edmonton Channel. 


Paleogeology of the Paleozoic Surface 

Pre-Mannville paleogeology was compiled from a map published by 
the Alberta Energy Resources Conservation Board (July 1960 edition) and 
was transferred to the Lower Cretaceous isopach map in order to show 
the relationship between paleotopography and paleogeology (see map 
Bigao). 

Williams (1960, 1963) showed that the Edmonton Channel was 
mainly developed in the Devonian Wabamun Formation, and this is the 
situation in most of the Bellshill Lake area. However, along the main 
valley which crosses the studied area, the ercsion was intense enough 
to remove the Wabamun carbonates uncovering a wide strip of carbonates 
and indurated siltstones of the underlying Winterburn Formation. 

As the regional dip of Paleozoic strata is very low in the area 
(2 to 3 degrees to the southwest as compiled from Fig. 3), it seems 
reasonable to think that lithologic rather than tectonic factors con- 
trolled the distribution of valleys and ridges on the Paleozoic surface. 
Under these conditions, Williams' (1960) remark stating that"... 
the Edmonton Channel developed in carbonates of the Wabamun formation 
in part due to development of karst features" whereas che”. 
Wainwright Ridge is formed by resistant clastics and carbonates of the: 
Winterburn group", appears plausible. 

Nevertheless, it must be kept in mind that these rivers may 
perhaps have been responsible for the erosion and removal of sediments 


which were once overlying the Devonian System in this area, namely the 
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Mississippian, perhaps also part of the Jurassic System and therefore 
the river beds may have originally lain in formations far different 
from those in which they may presently be found. Geomorphically the 
river courses would have shifted with time in response to the resis- 


tance of the substrata which were being eroded, 


Effect of Paleotopography on Lower Mannville Deposition 


An accurate knowledge of the topography of the substratum on 
which the first Mannville sediments were laid down is important, for 
this had considerable influence on the nature and the distribution of 
the deposits, 

The first Cretaceous sediments, namely the Deville and Ellerslie 
Members were first deposited on valley bottoms. These sediments were 
not of sufficient thickness to smooth out all the topographic irregu- 
larities and in one part of the studied area, the overlying "Calcareous" 
member seems to lie directly on the Paleozoic "highlands". The "Cal- 
careous" member was the last stratigraphic unit to be affected by the 
pre-Mannville surface paleotopography, deposits of the Fort Augustus 
Formation being characterized in the whole studied area by lateral 
continuity and uniformity of thickness. 

In order to show the influence of paleotopographic features on 
Lower Mannville depositional conditions, as well as to reconstitute 
the geometry of the different stratigraphic units with a max imuin of 
detail and accuracy, a number of stratigraphic cross-sections were 
constructed using the Base of the Fish Scales marker as datum. These 
stratigraphic cross-sections, three sub-parallel, roughly oriented 


SW-NE (Figs. 4, 5 and 6) and one oriented NW-SE (Fig. 7), the location 
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and orientation of which are shown on the map Fig. 8, will be referred 


to in Chapter 4, "Stratigraphy". 
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CHAPTER 4 
STRATIGRAPHY 


- The Mannville Group in Central Alberta 

Two transgressions occurred in western Canada during Albian time. 
The first, beginning in late Early Middle Albian time, was by a boreal 
sea carrying a fauna indigenous and mainly restricted to western Canada. 
The maximum southern extension of the seaway occurred during Middle 
Albian time, after which it retreated northward. The second marine 
transgression during Late Albian time was by a Gulf of Mexico sea, 
which eventually united with that of the arctic and expanded into the 
widespread Upper Cretaceous Colorado sea {(Stelck, 1958; Williams, 1960; 
1963). 

Sediments deposited during the first transgression-regression 
cycle, prior to the Gulfian transgression, make up the Mannville Group 
in western Canada. The group is usually underiain in Alberta by 
Paleozoic strata (Jurassic strata locally) and the top of the group is 
placed at the base of the black marine Joli Fou shales of the Colorado 
Group. The Mannville Group, by this definition, includes basal sands 
of the Gulfian nner earn 

The term Mannville (Mannville Formation at that time) was first 
used by Nauss (1945, 1947). Later, Badgley (1952) raised the Mannville 
to group status and divided it into three formational units, namely the 
McMurray, Clearwater and the Grand Rapids Formations. Mellon (1967) 
suggested not to extend the terms Clearwater and Grand Rapids Formations 
into Central Alberta and proposed the name Fort Augustus Formation for 


the upper part of the Mannville Group, above the "Calcareous" member of 
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the McMurray Formation and below the marine Joli Fou shale. 

In central Alberta the thickness of the Mannville Group is 
highly influenced by the configuration of the underlying Paleozoic 
surface. Thus in the Bellshill Lake area, the thickness of the 


Marnnville Group varies from 400 to about 610 feet. 


The McMurray Formation 


The term McMurray Formation was first used by McLearn (1917) in 
northeastern Alberta to designate bitumen-impregnated quartz sandstones 
which crop out along the Athabaska River, above Devonian carbonates. 

Since then, the name McMurray has been extended to central Alberta 
to designate a similar succession, essentially detrital, at the base 
of the Cretaceous. The McMurray Formation is divided into three members, 
in ascending order: Deville, Ellerslie and "Calcarecus" Members. Its 
thickness, which is related to topography on the Paleozoic surface, 


varies from 70 to 300 feet in the studied area. 


The Deville Member 

First used by Badgley (1952), this term was afterwards applied 
by different authors to erosion detritus developed at the expense of 
the Paleozoic rocks underlying the Cretaceous beds. 

The Deville is generally represented in central Alberta by 
greenish grey, waxy shales, greenish grey shaly siltstones, argil- 
laceous quartzose sandstones or dark reddish brown shales, which may 
reach up to 30 feet in thickness. "In distribution, the Deville Member 
is mainly restricted to low areas on the pre-Mannville surface, and 


does not form a laterally extensive unit" (Williams, 1960, p. 31). 
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In this work, the Ellerslie Member -. Paleozoic contact was logged 
and studied in detail (see core descriptions, Appendix C) only in the 
Tower Killam No. 1 well (5-18-42-13W4) but no deposits attributable to 
the Deville Member were found in this well. Likewise the examination 
of electric logs showed no evidence of Deville type facies, except 
perhaps in the Hudson's Bay 0i1 and Gas Company Ltd. 14-27-41-12W4 
well, where about 20 feet of shaly beds appear between the Ellerslie 
sandstones and the Devonian carbonates. 

The Deville Member is not always readily discernible on logs, 
and may for this reason be present elsewhere in the Belisnill Lake area 


"trough". 


The Ellerslie Member 

The term Ellerslie was first applied by Hunt in 1950 to beds 
previously referred to as "Basal Quartz"; the type section was chosen 
in the Imperial Whitemud No. 3 well (12-14-51-25W4). 

The Ellerslie Member was completely cored in the Tower Killam 
No. 1 well (5-18-42-13W4) where its thickness is 104 feet (from 3103 
to 3207 feet). Here it is represented by light grey to yellowish grey, 
silty, quartz sandstones, thinly interbedded with dark grey, micaceous 
silty shales. Sandstones range from fine grained to very fine grained; 
grains are subrounded to angular, and sorting is generally poor. Black 
carbonaceous material is locally abundant, scattered throughout sand- 
stones as well as shales. 

It must be noted that the sandstones are distinctly finer 
grained at the top than at the base. In the Killam No. 1 well, the 


sandstone is silty to very fine grained at the top, and essentially 
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fine grained in the middle, whereas the basal 20 feet of the member 
show the presence of rounded dark shale pebbles, the size of which aiso 
decreases upwards (3 to 4 mm at top, up to one inch at base - see core 
descriptions Appendix C). This last detail will be of importance in 
the reconstruction of the depositional environment. 

The small-diameter core in this wet] made it difficult to inves- 
tigate sedimentary structures; it may only be mentioned that cross-bed- 
ding seems to be fairly common in the middle part of the member. 

An examination of stratigraphic cross-sections shows that the 
Ellerslie Member is very unevenly distributed within the Bellshill 
Lake area. Its extent and its thickness are directly related to local 
topography of the sub-Mannville erosion surface. The Eilerslie Member 
reaches its maximum thicknass (180 to 190 feet in the ancient valley 
that crosses the studied area, is extremely reduced in the southern 
part, and is absent in the southwestern and northeastern part of the 
area (see cross-section II, Fig. 5). Thus the shape cf the "sandy" 
sedimentary body which represents the Ellerslie Member in the Bellsnill 
Lake area, in cross-section resembles a lens whose flat side would be 
oriented toward the top and convex side toward the bottom, the thickest 
part corresponding to the axis of the valley eroded in the Paleozoic 
strata. | 

However the upper surface of the Ellerslie sandstones does 
not seem to be as flat as the above comparison might 1a one to think. 
In places, as in sections 11 (Township 40, Range 13 W4) and 23 (Town- 
ship 41, Range 12 W4), the thickness of the member shows abrupt local 
variations. The writer is of the opinion that these observed hollows 


may represent the last positions of the river (or rivers) responsible 
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for depositing the sandstones. The erosional hollows thus formed 
were afterwards filled up predominantiy with shales of the “Calcareous" 
member. 

No fossils were found in the studied sections of the Ellerslie 
Member sandstones, which is expectable in view of essentially fluvial 
conditions under which these sediments seem to have deposited, 

Where the Deville Member is absent in the studied area, the 
Ellerslie Member sandstones lie directly on Devonian carbonates (Wabamun 
and Winterburn Groups). This contact which corresponds to a sharp 
lithologic change, may be easily detected in cuttings, cores or electric 


logs. 


The "Calcareous" Member 

This term was first used by Glaister (1959) for beds previously 
referred to as the "Ostracod Zone", Netacypris persulcata zone (Loran- 
ger, 1951), or Metacypris angularis zone paawiays 1952). 

In the Bellshill Lake area, the "Calcareous" member is mainly 
composed of greyish black, micaceous, pyritic, silty shales, light 
grey quartz siltstones and some rare fine to very fine grained quartz 
sandstones. Coal is common, especially in shales, in the form of flecks 
and streaks, or pede up to several inches thick. Locally thin beds of 
greenish grey to dark grey cryptocrystalline limestones may be encoun- 
tered, especially in sections where shales are prominent. 

In typical sections of the "Calcareous" member, siltstones are 
ordinarily not well developed and are mostly rather argi!laceous. 
Quartz grains are generally sub-angular and the sorting is poor. 


Carbonaceous material may be locally abundant both in shales 
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and in siltstones, as is fossil wood (up to several inches long) mainly 

in siltstones. Gypsum in smal] crystals was observed in shales of the> 
Hudson's Bay et al. Schultz Lake 4-15-41-12W4 well (see core description - 
Appendix C). 

Cross-bedding may locally be observed, especially at the base of 
Siltstone layers. 

The above lithologic description is representative of the "Cal- 
careous" member facies in most of the Bellshill Lake area and particu- 
larly in almost all the eastern half of the studied area. It also 
agrees fairly well with the different authors’ descriptions of the 
member in central Alberta. However, examination of the stratigraphic 
cross-sections (Figures 4-7) shows that two important features affect 
the stratigraphy and the geometry of the "Calcarecous" member in the 
region: 

(1) in a narrow, roughly NW-SE band, dividing the studied area 
into two parts, the "Calcareous" member is cut by a thick, massive 
sandstone section (Fig. 8). This feature hes often been associated 
with the underlying Ellerslie sandstones by the different authors who 
have studied it. This "Ellerslie" sandstone thickening, referred to 
as the "Cameron Zone" by Rudolph (1959) was thought to be a sand bar 
whose build up was caused by the action of local currents (p. 882). 

On the other hand, Conybeare (1964, 1967) and Martin (1966) considered 
these deposits to represent eroded fluvial terraces of Ellerslie 

age. The writer's opinion, supported by geometrical and petrological 
arguments, is that the feature is not related to the Ellerslie Member, 


but results from the erosion by a river in early Fort Augustus time. 
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It is thought that the channel, which erodes deeply into the "Calcareous" 
member, marks the base of the Fort Augustus Formation in the Bellshill] 
Lake area. 

(2) going northwest, the "Calcareous" member, essentialiy shaly, 
tends to become coarser with siltstones dominating the sections. It 
must be noted that the modification mainly seems to affect the upper 
part of the "Calcareous" member, as electric logs show that the lower 
part, particularly because of the presence of thin limestone beds, 
resembles the facies of the "Calcareous" member in the rest of the 
studied area. 

Figure 8 shows the distribution of this coarser detrital facies 
within the studied area. In the Tower Killam No. 1 well, the facies is 
composed of light grey argillaceous siltstones, ordinarily very cal- 
careous, thinly interbedded with dark grey, silty shales, jocaily ricn 
in coaly material. 

The thickness of the "Calcareous" member is highly variable 
within the Bellshill Lake area. In the southern part of Township 49, 
Range 13, the "Calcareous" member directly overlies the Paleozoic 
surface, the irregular topography of which controls the thickness of 
the member in this area. Moreover the "Calcareous" member sediments 
seem to have filled eroded hollows an the Ellerslie sandstones and 
because of these two factors, the thickness of the "Calcareous" member 
ranges from 40 feet to 180 feet in the studied area. It must be noted 
that in the northwestern part of the studied region where the "Cal- 
careous" member is mostly represented by detrital facies, the thickness 


is the most uniform - about 100 to 120 feet. 
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The "Calcareous" member of the Bellshill] Lake area is not very 
fossiliferous, with only a few ostracod and plant remains (see core 
descriptions, Appendix C) recovered in some of the studied wells. 
However, numerous forms were recovered by Williams (1960, pp. 34 to 
38) in wells situated farther west or north of the studied area (es- 
pecially in the South Morningside and Bonnie Glen wells, see map Fig. 
1) but these were mainly long-ranging species which did not permit 
assigning a precise stratigraphic age to the member. On the basis of 
the fossils, Williams (1960) concluded that the McMurray Formation was 
continental in origin except for the topmost few feet. 

Where the "Calcareous" member directly overlies the Paleozoic 
surface, the base of the member is very distinct as it corresponds to 
the contact between shales ("Calcareous" member) and carbonates (Devo- 
nian). Elsewhere, the contact with the underiying Ellerslie sandstones 
is gradational and may not always be placed with precision, especially 
in the northwestern part of the area where tne "Calcareous” member is 


silty. 


The Fort Augustus Formation 


The name Fort Augustus Formation was first used by Mellon (1967) 
to describe beds above the "Calcareous" member of the McMurray Formation 
and below the marine Joli Fou shale in the Central Alberta plains. The 
name is taken from the Anglo-Canadian Home C. and E. Fort Augustus No. 1 
well (7-29-55-21 W4), 25 miles northeast of Edmonton (Fig. 1), where 
the type section of the formation is present between depths of 2427 and 
2900 feet. In the Edmonton area, the base of a persistent glauconitic 


sandstone named the Wabiskaw Member (Badgley, 1952) marks the lower 
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contact of the Fort Augustus Formation. 

The Fort Augustus Formation is correlative with the type Clear- 
water and Grand Rapids Formations of the lower Athabaska River area; 
however, based on faunal, lithological and stratigraphic arguments, 
Mellon (1967) in contrast with Williams (1960; 1963), considers that 
these names should not be extended into central Alberta (p. 63). 

A number of reasons led the author to adopt the scheme proposed 
by Mellon (Fort Augustus Formation) rather than Williams' twofold 
subdivision (Clearwater and Grand Rapids Formations): 

- the Clearwater marine influence was rather 
reduced in the Bellshill Lake area; the Clearwater facies is signifi- 
cantly thinner and contains much less glauconite in contrast to its 
facies in the Edmonton area. 

- the Wabiskaw Member (fully marine) which marks 
the lower contact of the Clearwater Formation in the Edmonton area is 
absent in the study area, being represented (or partly represented) by 
an erosion surface and by significant continental deposits, which means 
that the simple transgression-regression cycle pattern distinct in the 
Edmonton area is not as distinct in the study area. 

-- the Clearwater/Grand Rapids contact is not 
always readily discernible in the Bellshill Lake area; as this contact 
is also diachronous it appears preferable to include the beds above the 
McMurray Formation in a sinigte formation. 

In the Bellshill Lake area, the Fort Augustus Formation consists, 
in ascending order, of: 


- grey quartz sandstones and siltstones, inter- 
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laminated with black silty shales. (Based upon petrological and geo- 
metrical arguments these beds are interpreted as river deposits during 
early Fort Augustus time and are referred to as channel sandstones in 
this work). 

- shales thinly interbedded with siltstones, 
sandstones or minor limestones, slightly glauconitic (Clearwater 
facies). 

- siltstones and sandstones interbedded with 
shales and thin coal beds (Grand Rapids facies). 

For the convenience in the lithological description of the 
formation, the following subdivisions are proposed, in ascending 
order: 

- lower part of the Fort Augtstus Formation 
(channel sandstones) 

- middle part of the Fort Augustus Formation 
(Clearwater facies) 

- upper part of the Fort Augustus Formation 
(Grand Rapids facies) 

The same subdivision was used in the cross-sections and attempts 
were made to correlate these units in the study area (see cross-sec- 
tions Figs. 4 - 7). | 

Where no channel sandstones occur, the thickness of the Fort Augus- 
tus Formation remains relatively constant throuahout the studied area 


at about 330 feet. Where channel sandstones are present, its thickness 


reaches a maximum of 485 feet. 
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Lower Fort Augustus Formation 

Lithologically the channel deposits, wnich constitute the lower: 
part of the Fort Augustus Formation, are made up of light grey to 
greenish grey, quartz sandstones and light grey quartz siltstones, 
either regularly or irregularly interlaminated (or thinly interbedded) 
with greyish black to black, micaceous, silty shales. Siltstones are 
mainly present in the upper part of the channel. Sandstone grain size 
(ordinarily fine grained) ranges from very fine to coarse, grain shape 
ranges from sub-rounded to angular (mostly sub-angular), and sorting is 
generally good. Graded bedding nas been noted locally. 

In the 3-12-41-12W4 well, siltstones show abundant dark granules 
of snale, whereas sandstones include irregular bodies of shale in the 
]-33-41-12W4 well. Shale pebbles were observed in the lower part of the 
channel in the 4-32-41-12W4 well, and in the middle part in the 1-33- 
41-12W4 well; in the 9-15-41-12W4 well, shale pebbles have a diameter 
of several inches and are very irregularly shaped. 

Fossil wood (pieces up to several inches long), as well as coaly 
and carbonaceous material are common. 

In one well (4-32-41-12W4) shales, interlaminated within fine 
grained sandstone containing coarse to very coarse grains as well as 
shale pebbles, show dips of about 40° (10° at the base). However, it 
must be noted that the position of these features is such that they may 
belong to either the channel sandstone or to the underlying Ellerslie 
Member. 

No fossil remains have been observed in the sediments assigned 


to the channel, although worm tracks and borings are common. 
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Cross~bedding has been noted throughout the section in several 
wells. 

The phetiel crosses the studied area from east to west for about 
20 miles (see Fig. 8). Roughly oriented E to W in Townships 40 and 41, 
Range 11, it shows two sharp elbows, first toward the north and then 
toward the west again in Township 41, Range 12. The lack of well control 
in certain parts of the area does not always allow detailed mapping of 
the channel, but it would appear to be rather meandering. A number of 
tributary channels seem to be connected with the main channel, with one 
coming from the northeast in Township 42, Range 12 and one from the 
southwest in Township 40, Range 13. 

The width of the main channel seems to be fairly constant, at 
approximately one and a half miles. The widening which may be observed 
in Township 41, Range 12 (2.5 miles) is likely to be related to the 
meander of the channel at this location. 

The base of the channel which corresponds to the base of the 
Fort Augustus Formation is generally difficult to determine as channel 
sandstones often rest directly on the underlying Ellerslie sandstones. 
However, the contact seems to be marked on electric logs in some wells 
by the presence of more shaly beds (presence of shale pebbles?) in the 
sandstone section. Thickness of channel deposits appear to reach a 
maximum of 150 feet (see cross-sections III and IV, Fig. 6 and 7). It 
is on the edges of the channel and in the eastern aspen the studied 
area where the channel cuts the shaly facies of the "Calcareous" member 
that its thickness may be determined most accurately; in fact, in several 
wells, shales of the "Calcareous" member appear below the channel sand- 


stones (see electric log, Fig. 9). On the other hand, the upper surface 
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of the channel deposits is generally well marked as it corresponds to 
the contact between a massive sandstone section and shales or shales 


thinly interbedded with minor siltstones and sandstones. 


Middle Fort Augustus Formation 


The lowermost beds of the unit (lower 30 feet), referred to as 
the Clearwater facies, are composed of light grey, quartz siltstones or 
sandstones, usually slightly glauconitic, interlaminated or thinly 
interbedded with light grey to dark grey, micaceous, pyritic shales, 
locally rich in coal partings. Shales are aiso slightly glauconitic 
locally especially in the lowermost beds of the formation. Thin, bluish 
grey sub-lithographic limestone beds may locally be present as in the 
4-15-41-12W4 well. 

Grain size ranges from silt to fine sand, grain morphology from 
angular to sub-angular and sorting varies from good to very poor. 

Long pieces of fossil wood as well as carbonaceous material in 
nodules up to half an inch in diameter were observed in the 10-32-41]- 
12W4 well. Black coaly material is common throughout siltstones or 
sandstones. Sparse worm borings were also observed. 

A thin glauconitic siltstone or sandstone layer (10 feet thick) 
located, where no channel sandstones: occur, about 20 feet above the 
lower contact of the Fort Augustus Formation correlates over most of the 
study area (see cross-sections Fig. 4-7), This sandstone is distinctly 
thinner (10 feet versus 30 to 60 feet), contains much less glauconite 
and is carbonaceous in contrast to the Wabiskaw Member in the Edmonton 
area (Williams, 1960). Since this sandstone is also located 20 feet 


above the base of the Fort Augustus Formation as defined in this study, 
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it is thought that the Wabiskaw Member of the Edmonton area is represen- 
ted here by the erosion surface beneath the channel sandstones whereas 
the glauconitic sandstone in the study area may be chronologically cor- 
relative with one of the glauconitic sandstones considerably above the 

base of the Clearwater to the northeast (for example the sandstone 130 

feet above the base of the Clearwater in the Imperial Eastgate well (1- 
22-57-22W4) - Williams, 1960 - see Fig. 1). 

The uppermost beds of the unit (upper 15 to 30 feet) are composed 
of dark grey, pyritic, silty shales, thinly interbedded with light grey 
to dusky yellow, mottled, glauconitic siltstones or sandstones. Sand- 
stones are rather rare; they are usually fine grained to very fine 
grained and well sorted. 

Ostracod remains were recovered at the base of the unit, in 
shales immediately above the channel sandstones in the 3-12-41-12W4 
well, which tends to suggest ftacustrine type environment conditions for 
the lowermost beds of the unit. However, the glauconite content, though 
reduced in all the remainder of the unit shows that the beds making up 
the middle part of the Fort Augustus Formation are essentially marine 
in: OrTgin., 

The thickness of the unit varies from about 40 to 70 feet in 
the studied area. | 

Where channel sandstones occur, the lower contact of the unit is 
generally well marked as it corresponds to the contact between a massive 
sandstone section and shales or shales thinly interbedded with minor 
siltstones and sandstones. Everywhere else the lower contact of the unit 


which is also the base of the Fort Augustus Formation is difficult to 
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determine with accuracy as it corresponds to the contact between two 
predominantly shaly units. However, it must be noted that the contact 
frequently occurs 10 to 15 feet below the base of a thin siltstone layer 
(usually less than 10 feet) which correlates over most of the studied 


area (see cross-sections Fig. 4-7). 


Upper Fort Augustus Formation 

Due to its low attractiveness from the point of view of petroleum 
prospects, the upper part of the Fort Augustus Formation, here referred 
to as the Grand Rapids facies, was only rarely cored in the Bellshill 
Lake area, and therefore was not studied, other than by reference to the 
work of others (Williams, 1960, 1963; Singh, 1964; Campbell and Williams, 
1965; Mellon, 1967). 

In central Alberta it consists of ". . . medium-grained, pocriy 
sorted, iron-stained, feldspathic, ‘salt and pepper' sandstones, medium 
grey, silty, carbonaceous shales and coal" (Williams, 1960, p. 42). 

In the study area, electric logs show the upper part of the Fort 
Augustus Formation to be mainly composed of resistive, thus probably 
fairly calcareous, siltstones and sandstones, interbedded with shales. 
In the northwestern part of the area, siltstones and sandstones seem to 
predominate in the lower portion of the formation, whereas shales are 
prominent in the upper portion; this does not seem to apply over the 
remainder of the region. 

The thickness of the upper Fort Augustus is relatively constant 
throughout the Bellshill Lake area - about 300 feet. Minor variations 
seem to be due to differential compaction phenomena. 


Fossil remains are usually not abundant, and this unit is considered 
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to have been formed mainly in non-marine deposition environments (Singh, 
1964). 

The upper contact of the unit corresponds to the upper limit of 
the Mannville Group; the disconformable contact being located at the 
base of the dark marine Joli Fou snales, which mark the return of the 


sea in the region. 


Age_and Correlation of the Mannville Group 

On paleontological evidence, Mellon and Wall (195€) and Williams 
(1960; 1963) assigned a Lower Albian age to the uppermost McMurray 
Formation, but the lack of index fossils did not aliow them to ascribe 
a precise age to the lower part of the formation. "Tne lower beds of 
the McMurray Formation may be as oid as Aptian, but in the writer's 
opnion the eviderice is inconclusive. Part of tha McMurray Formation 
(i.e. the Deville Member) is probably as old as Jurassic" (Williams, 
1960, p. 53). 

A study of the Mannville microflora enabled Singh (1964) to 
show that the base of the Mannville Group in east-central! Alberta was 
not older than late Barremian. "The microflora of the basal Deville 
Member is dated as late Barremian, and that of the overlying Ellerslie 
Member as Aptian" (Singh, 1964, p. 1). 

The upper Mannville Group is easier to date. Both the fauna 
(Stelck et al., 1956, Williams, 1960) and the microflora (Singh, 1964) 
indicate a Middle Albian age for the Fort Augustus Formation. 

Therefore it seems possible to summarize the ages presently 
attributed to the different stratigraphic units of the Mannville Group 


as follows: 
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Fort Augustus Formation Middie Albian 
"Calcareous" Member - Lower Albian 


McMurray Formation Ellerslie Member - Aptian 
Deville Member - Late Barremian 
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CHAPTER . 5 


PETROLOGY OF THE SANDSTONES 


‘Size Analysis 

Nineteen samples from the McMurray Formation and the channel 
sandstones of the Fort Augustus Formation were analysed in order to 
get an approximate idea of the grain size distribution, to attempt an 
environmental recognition, and see if the stratigraphic units could be 
distinguished by this method. Seven of these samples could not be 
assigned to specific units with confidence because of their lccation in 
sections. Distribution of samples is as follows (location of samples - 


Appendix B): 


Channel sandstones = 9 samples 
"Calcareous" member = ] sample 
Ellerslie Member = 2 samples 
Ellerslie cr Channel sandstones = 7 samples 


Sandstones were disaggregated in a mortar, using gentle pounding 
with a porcelain pestle. Samples were tnen examined with a binocular 
microscope to check that aggregates were completely destroyed, 

Oil was removed from highly oil stained samples using a Soxhiet 
extractor with acetone as solvent. Average treatment time for one 
sample was about 8 hours and results were quite satisfactory for the 
intended purpose. 

Sieving was accomplished using a 0.25 9 screen interval (-1.0 to 
4.5 @ set) on a Ro-Tap shaker for twenty minutes. 

The data obtained (weights of different fractions) were pro- 
cessed on the IBM 360/67 computer of the University of Alberta Computing 


Center, using a program written for the Department of Geology, to deter- 
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mine statistical parameters and plot the main size distribution 
curves of the sediments. 

The mode, median, mean, standard deviation, skewness and kur- 
tosis were calculated by the method of moments. The computer also gave 
the percentage of silt, clay and sand and for each sample plotted the 
histogram, the frequency curve and the cumulative curve on probability 
ordinate, 

The statistical parameters computed have been summarized on 
Table II, and cumulative curves are shown on Fig. 10 (Ellerslie and 
"Calcareous" members) and Fiq. 11 (Channel sandstones). Caiculated 
statistical parameters were plotted by stratigraphic unit (Fig. 12) to 
see whether distinctions were apparent. Cross-plots of all combinations 
of mean, standard deviation, skewness and kurtosis were also constructed 
(Fig. 13). In all cases, tne ranges of values encountered and extent 
of mutual overlaps made it impossible to draw any definite conclusions 
from the results, although the following general observations may be 
made: 

1. Silt content is highest in the single samole from 
the "Calcareous" member (11.4%) and sample C 12 from the top of the 
channel deposits in the 13-22-41-12W4 well (37.8%). (This latter sample 
is also anomalous in terms of the ey parameters and was not included 
in the calculation of average values given in Table II). The samples 
of undetermined origin (labelled "unknown" on Fig. 12 and 13) exhibit 
the lowest values of silt content. 

2. The *unknown" samples are slightly coarser-grained 
(lower values of mode, mean and median) and are somewhat more fine- 


skewed (higher skewness values) than other samples. 
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PLOT OF STATISTICAL SIZE PARAMETERS VERSUS 
STRATIGRAPHIC LOCATION OF SAMPLES 
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Several authors, notably Friedman (1961, 1962, 1967), and 
Moiola and Weiser (1968) have demonstrated correlations between size 
frequency distribution and depositional environments. Only provisional 
rules have been established however and numerous exceptions to these 
rules have been observed. Superimposed upon the cross-plots of Fig. 13 
are the iines which are supposed to separate different depositional 
environments according to these authors. As is apparent from the 
figure, depositional environments of the samples analyzed in this study 
cannot be differentiated on the basis of the empirical "rules" sug- 


gested by Friedman and Moiola and Weiser. 


Composition of the Sandstones 


Material and Procedure Used 


TT A A 


A total of 50 thin sections of the McMurray and Fort Augustus 
Formations were prepared. Their stratigraphic distribution is as 
follows (see also Appendix B): 


6 thin sections 
29 thin sections 
8 thin sections 
3 thin sections 
4 thin sections 


Fort Augustus Formation (Middle Part) 
Channel sandstones 

"Calcareous" member 

Ellerslie Member 

Ellerslie Member or Channel deposits(?) 


MO i RS A tt 


Because of the high degree of friability of most of the studied 
sandstones, about half of the samples had to be solidified by injection 
of resin before thin sections could be prepared. This substance has 
the disadvantage of "darkening" the thin sections however, and has 
sometimes made difficult the examination and determination of matrix. 

Most of the thin sections were etched with hydrofluoric acid 
fumes for thirty seconds and stained with a concentrated sodium co- 


baltinitrite solution (Hayes and Klugman, 1959). After this treatment 
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K-~feldspars are stained yellow, whereas plagioclase appears milky 
white from the etching. 

The point count method was used to analyze twenty thin sections 
whose stratigraphic origin is indicated in Tables III and IV. Two 
hundred and fifty points were determined using a spacing of 0.2 mm, 
They were classified as quartz, rock fragments, feldspars, matrix, 
cement, accessories and pore space. As shown on Tables III and IV 
where the data as well as the calculated percentages have been summarized, 
a certain number of supplementary subdivisions were also made, e.g. 
rock fragments include chert, mud-rock fragments, and metamorphic 
rock fragments. 

Most of the petrographic properties of sandstones have already 
been reviewed, notably in the lithologic description of units (Chapter 
4 - Stratigraphy). These characteristics will not be dealt with again 
here; they have been summarized in Table V aiong with the main composi- 


tional characteristics of the sandstone. 


Composition of Ellerslie Sandstones 

Ellerslie sandstones are characterized by their high quartz 
content (56% to 83%), and their low feldspar and rock fragment content 
(respectively 1.2% to 2.0% and 1.2% to 2.4%). Matrix percentage ranges 
from 1.2% to 8.3%. Sandstones are often cemented, essentially by calcite; 
the percentage of calcite reaching a high of 40% in one of the thin 
sections (R83). Accessory minerals recorded are muscovite and tourmaline. 
Pore space percentage varies from 0 to 8.0%. However, owing to the 
high degree of friability of most of the samples and the treatment to 


which certain samples were subjected, only limited reliability may be 
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attributed to this characteristic. 

As recent studies (Biatt and Christie, 1963; Conolly, 1965) 
have cast doubt on the validity of genetic quartz varieties such as 
those defined by Folk (1961), no attempt has been made in this study 
to distinguish genetic groups. However, a rapid survey of the samples 
has shown that the percentages of polycrystalline quartz and quartz 
grains with strongly athe extinction were low, ranging from 1% to 
5% and 2% to 17% respectively, the remainder being constituted by common 
quartz, no volcanic quartz having been recorded, 

K-feldspar (microcline essentially) is almost twice as abundant 
as plagioclase. Feldspars seem to be mainly localized in the most fine 
grained parts of the samples. Thin section R72 shows numerous feldspars 
weathered to clay (sericite or illite?). 

Chert (mainly of the chaicedonic type) accounts for most of the 
rock fragments and oniy a few metamorphic rock fragments have been re- 
corded, 

Matrix is essentially clay (probably illite), with lesser amounts 
of iron oxide and bituminous material, 

With the exception of thin section R81 where sitica cement in 
appreciable amounts occurs as authigenic overgrowth in optical continuity 
with quartz grains (Plate I-1), cement in Ellerslie sandstones is 
mainly represented by calcite (no dolomite was recorded). As in all the 
other Mannville Group sandstones, calcite always occurs in the form of 
very fine carbonate "mud", rather than well crystallized sparite. In 
thin section R83 where calcite cement makes up to 40% of the sample 
volume, calcite was found replacing quartz grains. Replacement of quartz 


grains by calcite may be held responsible for the low quartz content 
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(56%) of this thin section as compared to other sections (77% and 83%). 


Composition of "Calcareous" Member Sands tones 

Sandstones of the "Calcareous" member are characterized by a 
quartz content lower than that of the Ellerslie Member (average 60%), 
a feldspar content slightly higher (2 to 5%), and rock fragments dis- 
tinctively higher (5% to 16%). Matrix percentage ranges from 8% to 
28%. Sandstones are frequently cemented, essentially by calcite, which 
ranges in percentage from 10% to 28%. Accessory minerals recorded are 
muscovite and zircon. Pore space was practically non-existent even 
when caicite cement was absent in the five thin sections examined in 
detail. 

Common quartz predominates (91%) as compared with quartz having 
strongly undulose extinction (5%) and polycrystalline quartz (4%). 
Thin needles of muscovite are present as inciusions within quartz 
grains. | 

K-feidspars (microcline mostly) seem to be more abundant than 
plagioclase. 

Chert content was higher than other rock fragment content. 

Matrix is composed of quartz, clay and iron oxide. When one of 
these components dominates the matrix, it is iron oxide; when two com- 
ponents make up almost the whole matrix, they are iron oxide and clay. 
Clay when present is either thinly disseminated within the thin section 
or gathered in large dark brown "concretions" (Plate I - 5). Bituminous 
material was also recorded. 

Beside authigenic quartz overgrowths, calcite is the only cement 


which has been observed. Distribution of cement is irregular. In many 
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thin sections calcite cement is abundant where grains are coarsest and 
reduced or even absent where very fine grains occur. In a few thin 
Sections calcite was found replacing quartz grains and silica cement 
(Plate I - 6). 

In almost all the thin sections examined, certain components 
(e.g. chert and rock fragments) are localized in specific areas, or 
grains are distributed in laminae or cross-laminae as a function of 


their size. (Plate I - 7), 


Composition of Channel Sandstones 

Channel sandstones are characterized by a relatively low 
quartz content (32% to 71%), a low feldspar content (1% to 2%), and 
a relatively high rock fragment content (3% to 8%). Matrix content 
is either very low (1% to 2%) or fairly high (30%). Half of the 
thin sections studied in detail were well-cemented; where cement 
(calcite) is present, its percentage ranges in volume from 3% to 28%, 
Accessory minerals recorded are muscovite, tourmaline and more rarely 
zircon. Pore space is closely related to calcite cement content; it 
is either very low (in the order of 1%) or relatively high (20% to 
27%). 

As in the "Calcareous" member, common quartz is largely pre- 
dominant (90%) as compared to grains with strongly undulose extinction 
(5%) and polycrystalline quartz (52). 

K-feldspars and plagioclase seem to be present in approximately 
equal amounts in the studied thin sections. Both microcline and 


orthoclase have been recorded. Albite was identified in thin section 
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E20. Feldspars in thin section Al/7 are frequently weathered into 
clay (sericite, illite?). | 

Chert (80%) is far more abundant than other rock fragments (20% 
-~ mainly mud - and metamorphic rock fragments but carbonate grains have 
also been recorded). Feldspars, chert and other rock fragments are 
commonly localized in the same parts of the thin sections. 

Matrix components are clay, iron oxide, quartz and bituminous 
material. The volume of matrix was found to be either very low (1% 

- 2%) or very high(20%) and this characteristic does not seem to be 
linked to the presence or absence of calcite cement. Sometimes matrix | 
composed of clay, iron oxide and quartz makes up thin laminae (section 
N42, Plate I - 8). In another case, matrix essentially composed of clay 
forms very thin films around quartz, rock fragments and feldspar grains 
(section,.J42,.Plate_II.-<1). 

Although silica cement is almost ne present as authigenic 
quartz overgrowths, calcite, whose content ranges from 0 to 28%, con- 
stitutes the predominant cement. In most of the thin sections examined 
it was found replacing essential components. Calcite often seems to 
have replaced silica cement and percentages of the latter are perhaps 
far below original amounts. Replacement phenomena may have been ex- 
tensive in certain areas where calcite makes up large patches; in these 
areas skeletons of grains which have been replaced may often be seen 
(Plate II - 2). Extensive replacement may be responsible for the low 
quartz content in thin section J42. 

Although laminae may be observed in certain thin sections, most 
of the thin sections examined were far more homogeneous than those from 


other stratigraphic units (Plate IT - 4), 
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“Composition of Middle Fort Augustus “Sandstones 

Sandstones from the middle part of the Fort Augustus Formation. 
(Clearwater facies) exhibit a low quartz content (44% to 64%), a 
relatively high feldspar content (4% to 7%) and a high rock fragments 
content (11% to 15%). Matrix content is also fairly high (9% to 32%) 
whereas cement, though always present and ranging from 2% to 20%, 
seems to be far more reduced in volume than in Lower Mannville units. 
Accessory minerals recorded are muscovite, zircon and especially 
glauconite. Pore space was found to be almost nil (0 to 1%). 

K-feldspars (orthoclase and microcline) and plagioclases seem 
to be present in almost equal amounts. They were fairly often found 
to be weathered into clay and were sometimes, for this reason, hard 
to distinguish from matrix clay. 

In contrast with the stratigraphic units described above, rock 
fragments (essentially metamorphic rock fraginents) snow on the whole 
a percentage slightly higher than that of chert (mostly cryptocrystal- 
line and microgranular chert). 

Matrix is essentially composed of clay (presumably illite). 
Iron oxide, quartz and bituminous material are also present but far 
less abundant. | 

Although authigenic quartz overgrowths are always present, silica 
cement is in fairly minor amounts as compared to calcite cement. How- 
ever only in thin section J6 did calcite cement show an important 


percentage. Calcite, where present in significant amounts, was found 


to replace quartz grains extensively. 


coal ay hate: fi’ bina! ‘Nai ont eas : i 
(ese: of wee) ie. rid detiletdestaes! saci 08 6 

- AOR: of *. pe Qar ieearne eas VEY 

PEM: gi tivanet wed we node Soulgusd ene 

- i hat ages eg HATA 98 Hs ae pabriooey — 

ee ime | tina eee 5 ee pews? . ew sedge? % shoe 

nee asnetoot att: wi earn ae oth mF 

bie? gone xg het: Heheth .aimome atayoms {ype zeoats at a 3 
bere eROAB SE: Pity Soha A sino 

~ 6 Wet FS oi er) Ub on om ie —- 

oa 

Lao aie pedragat ape ae 

stuatn $e no Nee Ce ustaehY gan sari 

aes dadanas rves’ se aust act ae 

f= aes i darcy oe efunstpe 

a ao ann tne ' 

v6 gud ctnoesivg: o8f@ se alescnatinacnaich eect | 


Ee he ad erie = “ we og “ f 2 €: Ws : states ~~ “Be re 
. ae 
got lie ssesig-ayeein Ie stshosestve“feaprolamettons snarl 4 
| By: 1 


-wol .tqamaqusdtatod OF: beHatEIOD a6. RgHNOME soutien yfytet pd ef seme, y 
-tasinvenat a6: yore Same. os tobe: bib @b mpfsse2 aidd at eae 
bnyot anu <ettwogs Insgitinpi2 97 snseerq orto eg toied 2 6: 


5] 


Texture of Mannville Sandstones _ 

The sandstones analyzed, though relatively different from one 
stratigraphic unit to the other, exhibit a certain number of common 
features which deserve a few remarks, 

Their petrography shows features of sandstones which have never 
undergone deep burial. This fact was already pointed out by Williams 
(1960). The most noticeable features that he pointed out were: the 
friability of the sandstones, the presence of the authigenic quartz 
overgrowths, the preponderance of tangential inter-grain contacts 
and the lack of carbonate cements. The author generally agrees with 
most of these arguments, but the present study seems to disprove the 
last feature presented (lack of carbonate cement). Finally it should 
be added that none of the criteria presented by Taylor (1950) for the 
recognition of the effect of pressure on sandstones, namely the number 
of contacts per grain, the presence of concave, convex and sutured 
contacts, and the crushing and yielding of micas, feldspars and rock 
fragments (p. 716), were studied in the Bellshill Lake area. 

Cementation phenomena aiso deserve additional study. In addition 
to silica and calcite, a number of other elements play or may play a 
significant Sie Bt example, Clay, iron oxide, bituminous material, 
feldspars which do not exhibit the rigidity of the unaltered state and 
"mould" themselves around the nearby grains, and muscovite which be- 
cause of its plasticity, when compressed between rigid grains, takes a 
fan-like shape in intergranular spaces (Plate II - 6). Feldspar and 
muscovite are not normally assigned to the cement class, but 


components such as clay, iron oxide and even bituminous material, which 
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have always been classified as matrix in this study, in certain cases 


could have been classed as cement. 


There is evidence that the calcite cement sometimes developed 
later than silica cement, as calcite locally replaces authigenic quartz 
overgrowths. -It seems difficult however to state that this is the 
general rule, as it is difficult to determine if carbonate cement is of 
primary or secondary origin, i.e., if carbonate was brought in solution 
at the time of deposition (primary cement) or posteriorily to deposition 
time (secondary cement). 

Carbonate may have originated from igneous rock minerals, 
especially plagioclases but most of it must have come from the weathering 
and erosion of limestone strata. Water in wnich the Ellerslie and "Calca- 
reous" members were deposited must have been relatively rich in carbonate, 
probably from the erosion of Devonian limestones. This was not as 
likely during Fort Augustus time as most of the Paleozoic strata were 


covered by Lower Mannville sediments. 


Classification of Sandstones 

Sandstones classifications have proliferated in the literature, 
especially during the last two decades and the choice between one or 
another is sometimes difficult to make. For the purpose of the present 
study, a compositional classification, that of Travis (1955), was used. 
The main characteristic of this classification is that chert and quartzite 
grains are included with rock fragments instead of with quartz. 

Figure 14 shows the proportion of essential components (compo- 


nents necessary for the sandstone classification) recalculated to 100 
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per cent for each sample (see Tables III and IV). According to Travis' 
nomenclature, sandstones from the Elierslie Member are quartz sand- 
stones, "Calcareous" member and channel sandstones are transitional be- 
tween quartz and lithic sandstones, whereas sandstones from the Fort 
Augustus Formation are lithic sandstones but with a low rock fragment 
content. 

As for the three samples of undetermined stratigraphic origin, 
they all are quartz sandstones, but only one of them (P16) is definitely 
related compositionally to the Ellerslie Member sandstones, the two 
others are rather transitional between Ellerslie and Channel and here 


fore may not be assigned with confidence to either of these deposits. 
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CHAPTER 6 
REGIONAL PALEOGEOGRAPHY AND DEPOSITIONAL ENVIRONMENTS 


General Statement 

The end of the Jurassic and early Cretaceous time corresponded 
generally in the western canadian interior to a period of extensive 
erosion. In the Bellshill Lake area, where the base of the Mannville 
Group, considered not older than late Barremian (Singh, 1964) directly 
overlies formations of Upper Devonian age, it is rather difficult to 
attribute an accurate age to the post-Paleozoic erosional surface. 
Based on evidence from adjacent areas however, the Mississippian sea 
(and also the Jurassic sea?), probably spread widely over the region, 
which reduces somewhat the period curing which this erosional surface 
developed. 

Starting probably in late Barremian, the first sadiments de- 
posited on the post-Paleozoic erosional surface were continental in 
origin. Marine conditions developed with the arrival of the Clearwater 
transaression in Middle Albian time, and when the Clearwater sea witn- 
drew toward the north, continental depositional conditions returned 
with deposition of the late Mannville sediments. 

It is this period eeretcning from late Neocomian to late 
Middle Albian time that will be reviewed in the following pages. For 
each of the stages, an outline of the paleogeography in the Bellshill 
Lake area will be given, as well as a reconstitution of the local de- 
positional environment. One of the important features underlined in 


this study, namely the channel which developed during early Fort 
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Augustus time, will be particularly examined. It will be seen that 
sedimentation in the Bellshill Lake area has been affected by hydro- 
dynamic, chemical and biological factors, sometimes in multiple 


combinations. 


Neocomian Time 

The pre-Mannville erosional surface may have begun to form 
in late Jurassic time and even earlier; whatever the case may be, it 
seems that it has to be attributed an essentially Neocomian age. Hydro- 
dynamic factors largely prevailed over the area during this period, and 
the region was drained by rivers which had a northward orientation and 
flowed into an arctic sea. In Alberta the former course of these 
rivers has been reconstituted in detaii by Wiliams (1960) who dis- 
tinguished from west to east: the Edmonton Channel, the Wainwright 
Ridge, the St. Paul Channel. Owing to tne reiatively flat regional 
dip of the Paleozoic strata on which the rivers were flowing, it seems 
likely tnat lithologic factors controlled the distribution of valleys 
and ridges. Thus Williams' remark stating that ". . . the Edmonton 
Channel developed in carbonates of the Wabamun formation in part due 
to development of karst features" (1960, p. 15) appears plausible. 

These mature rivers flowed in distinct valleys, the profiles 
of which as well as of interfluves are very well marked. In the Bells- 
hill Lake area, the riverbed in one of the upper arms of the Edmonton 
Channel was about 3 miles wide, a fact which may be accounted for by 
the meandering character of the river course. 

The only sediments which were preserved from this period are 


represented by deposits of the Deville Member, which according to 
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Singh (1964} might have been formed at the end of Neocomian time (not 
older than late Barremian in age). These deposits have been noted and 
described in several regions in Alberta, but were not observed in the 


study area. 


Aptian Time 

In the Bellshill Lake area, Aptian time was still dominated 
by hydrodynamic factors. Chemical factors exercised little influence, 
being manifested only by local calcification of the sandstones which 
were laid down during this period, although some of the calcification 
may also be post-Aptian in age. | 

The paleogeographic pattern outlined for the Neocomian 
period remained virtually the same during Aptian time. However the 
phase of cutting of the river channels was succeeded by a phase of 
filling up and deposition (Ellerslie Member sandstones). This phase 
for a river is often to be related with a rise in its base level; in 
this case it may signify the southward advance of the arctic sea. 

The simplest situation implies that filling of the channel 
was accomplished progressively from bottom to top, however fluvial 
terraces may have been deposited during the cutting phase of the rivers, 
and therefore part of the Ellerslie sediments may be pre-Aptian in age. 
Alternatively positive and negative oscillations of the base level may 
have developed imbricated terraces of different ages at different ele- 
vations, thus it does not seem to be sufficient to consider only the 
elevation of the different strata in order to attribute relative ages 
to beds included in the Ellerslie Member , and the absence of fossils in 


sediments of this type makes paleontological age determination impossible. 
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In parts of the studied area, the top of the Ellerslie 
sandstone, ordinarily relatively flat, has been modified, probably by 
erosion. Erosional activity may have taken place either during the 
deposition of the "Calcareous" member (the "Calcareous" member shales 
fill up the holiows thus formed) or in late Ellerslie time. Taking into 
account the fact that mechanical factors were probably not very intense 
during the "Caicareous" member depositional processes, the writer feels 
that the hollows presently observed may be the last channels of the 
rivers (or river) which deposited the sandstones of late Ellerslie time. 
The evolution from fluvial to lacustrine environment may have been 
relatively rapid (the contact between Ellerslie and "Calcareous" members 
is always quite sharp in these areas) and followed subsequently by the 
filling in of the channel by predominantly shaly sediments. 

These views tend to approximate those of Martin (1966). In 
his study of the area east of the Bellshill Lake field, namely the 
Hughenden area, in the same valley, Martin states Sderot ae GTS 
valley is filled with a thick section of 'Basal Quartz' sandstone beds, 
which are shaped in several terraces. The terraces ... were formed 
by the river cutting down into its own sediments, presumably as a result 
of the subsidence that affected its source area during Mannville time" 
(p. 2306). The writer agrees with the idea of a river cutting down 
into its own sediments and thus leaving the trace of its last location, 
however, aS will be seen later on, the findings of this £etay do not 
agree with Martin's views regarding the interpretation of the upper part 
of the Ellerslie sandstone. 


It has already been pointed out that the Ellerslie sandstones 
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were distinctly coarser at the base than at the top, the size of the 
elements ranging from one inch diameter shale pebbles at the base to 
silt at top. Thus the competence of the stream seems to have consider- 
ably decreased during the period of Ellerslie deposition, probably in 
part due to the obstruction of the river bed by transported minerals as 
a result of a rise in base level. The river must have then occupied a 
good part of the floodplain with its meanders. This outline of the 
conditions at the end of Aptian time in the Bellshill Lake area presages 
the paleogeographic pattern during early Albian time and the probably 
lacustrine depositional environment under which the "Calcareous" member 


sediments were deposited. 


Albian Time 

Albian time in Western Canada is characterized by the invasion 
of the land by two marine transgressions, the first during Middle Albian, 
the second during Upper Albian time. Lower Albian time was marked in 
the Edmonton area by a lacustrine environment, transitional between 
that of the Ellerslie (continental) and that of the Clearwater (Lower 
Fort Augustus) which was fully marine. 

In the Bellshill Lake area, the "Calcareous" member deposits are 
also assigned a lacustrine origin, following other authors (Williams, 
1960; Mellon, 1967) who dealt with these sediments on a regional scale. 
In contrast to the Edmonton area, the "Calcareous" member in the Bells- 
hill Lake area does not grade upwards into marine deposits. In fact, 
early phases of the Middle Albian transgression were only slightly felt 
in the study area, and the region was still characterized by continen- 


tal conditions with active fluvial erosion and production of detrital 
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deposits (channel sandstones). Subsequently, the area experienced a 


complete transgression-regression cycle in late Middle Albian time. 


Lower Albian 

The nature of the deposits making up the "Calcareous" member in 
the Bellshill Lake area (coal-rich shales, carbonaceous material, car- 
bonized wood remains) as well as its fossil remains (freshwater molluscs 
and arthropods), are in agreement with the essentially lacustrine origin 
assigned to these deposits by other authors who studied them in Central 
Alberta (Williams, 1960; Mellon, 1967). 

The evolution from a fluvial to a lacustrine environment must 
have been progressive as attested to by the ordinarily gradational con- 
tact between the Elierslie and the "Calcareous" members, perhaps in part 
due to the obstruction of the river bed by transported materials, result- 
ing in a decrease of the stream competence. Slignt tectonic tilting or 
damming by sediment . . . could result in the development of large, 
shallow lakes . . . As the lakes filled with sediment and approached 
sea level they would provide the appropriate environment for the Ostracod 
and molluscan fauna of the "Calcareous" member (Williams, 1960, p. 47). 

A number of other researchers (Loranger, 1951, and Singh, 1964) 
suggested that some of the Ostracod fauna of the “Calcareous" member may 
have developed in fresh or slightly brackish water, such as might be ex- 
pected in a lake near sea level, or in a brackish environment bordering a 
source of freshwater or even in fully brackish type of environment. The 
fact that gypsum crystals were recorded in the 4-15-41-12W4 well in the 
present study would seem to agree with these views. The cryptocrystal- 
line limestone beds which are interbedded in the "Calcareous" member 


shales in the Bellshill Lake area suggest that in this sector, during 
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Lower Albian time, chemical factors (along with biological factors) sup- 
planted hydrodynamic factors which prevailed over the region since early 
Cretaceous. 

To a large extent, the characteristics of lake sediments are 
determined by the size of the lake, but also by the nature and amount 
of sediment introduced into it. In the Bellshill Lake area, it is pro- 
bable that several successive lakes whose location, shape, and character- 
istics may have changed entirely and very rapidly during the period under 
consideration received sediment during "Calcareous" member time. Under 
those conditions it appears relatively difficult to attempt even an ap- 
proximate reconstitution of the configuration of these lakes. Neverthe- 
less, the presence in the northwestern part of the studied area (see 
map Fig. 8) of a facies where siltstones are very prominent, as compared 
to the facies (essentially shales) of the "Caicareous" member in the 
rest of the region warrants discussion. These sediments in the north- 
western part of the area are probably not shore deposits, but they seem 
to be essentially sheet-like deposits. They more likely represent off- 
Shore deposits whose origin might be linked to a local arrival of detri- 
tal material coming from the north. A study of the "Calcareous" member 
in the area Serr hy, north of the studied area would permit the con- 


firmation of this hypothesis. 


Middle Albian 

Fully continental conditions prevailed again during early 
Middle Albian time, with the development of the important channel which 
crosses the Bellshill Lake area as an outstanding feature of the region. 
Williams (1960) described the channel deposits which occur within the 


"Calcareous" member west and northwest of Edmonton, and some oil 


ie) 


-que -(eyoroe? Fesioptord Bate ‘vane ‘es08: | i a3 arg 
ulass acara whee ait: fava inl dat hi "Bain Sh 

er sme 4 “Lp eae eae cay om os 

os etnomrbog, aie! 9) 2p tevatanns asad! “ites oon ai im 

frvome bis swdsq) ad. va 92( 8,204. salet ony te! esharede ae 

Hong, pi Tha eI, ated flidattea, adie nl. dt) otat bso 

~yajoR Tents bp | ogane saotssao! seofli: zoids! ovtgeoraiie! eth 

sobre betta wid on tru, bias EH8N, bps fatima, bepandia 3 

robin! .omtd readme’ nauosnsot eo” ont, jnowtbes, bevigoet pee = 

“Qe a6 have Jqmedse OF Stuy hibs clowtasfay ms9qgh aa weil: 

~ortigvs .egtel een’ Io nottewel eed Ie eeieneneca ie 

. ose} Bes bolbure et Ye d18q nrnigowreton apt mt gonaeand ‘thea 

bersqmar: 26: _piaoa tao in Oy aaa PR: daithe. sahara sor ies } ‘all 

» gd bt ssn taunt a? att te-deaianae seamen ee 

«idan ont ahs eduomibse aden: poteaiontb aa neta ata mt 

mola inetd «abet seb faoqed sind. ton {Fasdoag;orn.go7e odd Te.S18y & 

To Anse srg. iodtt ‘opom godt. searaoqa. spittstge? 4 2 

~rvish Yo tavivas- fp20f 6, 08 bax faq Sapa niptse seo, 2t¢20 

i etnste, *evosraalsOPghd Te ybudZiA: jhime©,;, a 

7 ceton spt ean la, fons. pacacn yet To stron, paitingonte: easel 
i ae oar are SS te i aeacihaliids 


, i x 
Z i alo. : ¢ "Oey s A : io is ba 


| i, 


“qhlie binrwd rites bar teverg apoio a por 0 
igi Tanda Insroqmn oeaFe agains bik i sare 


a sal? tort bhe * pial YO dadqri34en, a sd “ 


\ i] 


62 


company geologists showed the occurrence of similar features, though 
younger, in southern Alberta. To the writer's knowledge channel sand- 
stones have not been reported from the Bellshill Lake area. As several 
authors have proposed different origins for the deposits in question, 
careful examination will be given to the different elements which 
leads to the conclusion that an erosional channel traversed the region 
in early Middle Albian time. 

Late Middle Albian time is characterized by a complete trans- 
gression-regression cycle in the Belisnill] Lake area, apparently 
coincident with the maximum extent of the Clearwater sea transgression 
toward the south, and its subsequent nortnward retreat in Jate Mannville 
time. 

Although the marine influence was aiready evident in the 
shales immediately above the channei sandstones, the glauconitic silt- 
stones and sandstones mark the beginning of the transgression in the 
Bellshill Lake area. The thickness of these beds is rather uniform 
within the studied area, suggesting that the sea transgressed across 
a rather uniform surface. These beds thus constitute the first strati- 
graphic unit which was not influenced during its deposition by the Paleo- 
zoic paleotopography, although it must be noted that locally, immediately 
east of the Thompson Lake field, these layers lose their individuality 
as the usual glauconitic sandstone facies passes into a shaly facies. 

According to Williams (1960, p. 49), the next phase of the cycle 
began ". . . with the period of stillstand at the maximal areal extent 
of the sea. As the rate of sedimentation increased, sand was deposited 


across the entire area, the shallow epicontinental sea was filled with 
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sediment and continental conditions prevailed". Therefore the lower part 
of the Grand Rapids facies, in gradational contact with the underlying 
shales is marine, and the beds become progressively more non-marine 
upward. 

The last phase, according to Williams (1960), corresponds to 
emergence and erosion of previously deposited sediments prior to 
inundation by the Joli Fou sea. Accordingly, a disconformity has been 


placed at the top of the Fort Augustus Formation. 
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CHAPTER 7 
CHANNEL SANDSTONES 


Introduction 

Several authors have described the Lower Mannville of the 
Bellshill Lake and adjacent areas and discussed the origin of the 
thick sand section which gives rise to the Bellshill Lake and Thompson 
Lake fields. 

Rudolph (1959), reporting on the Bellshill Lake field discovery 
in September 1955, Stated that ". . . the Basal Quartz sand was prob- 
ably deposited in a shallow, fresh-water, or at least partly fresh- 
water, arm of the Lower Cretaceous sea", and that it was ". .. cur- 
rents which caused the development of the sand bars within the Basal 
Quartz section of the Lower Cretaceous, such as at Bellshill] Lake" 

(p. 882). This explanation, besides being vague, could not be retained 
in the present study because the configuration of the thick massive sec- 
tion of the Bellshill Lake area can hardly be incorporated into a 
"sand-bar" model of a near-shore marine depositional environment. 

Conybeare (1964, 1967) and Martin (1966) interpreted the thick 
sandstones above the Ellerslie Member, in the Bellshill Lake area as 
being ". . . portions of eroded river terraces in a drowned vailey" 
(Conybeare, 1967, p. 337), thus related to the underlying Ellerslie 
sandstones. In such an interpretation this feature would have formed 
in Ellerslie time and would have been surrounded and buried by the 
“Calcareous" member shales. The writer could not retain this inter- 


pretation either; as a matter of fact, it is rather difficult to imagine 
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a river terrace being eroded in such a regular fashion having an almost 
constant width. Furthermore these "eroded river terraces", because of 
the relief that they would have presented, should have influenced the 
nature and the distribution of the sediments of the overlying "Calcar- 
eous" member. It has been shown in this work however that distribution 
of the "Calcareous" member deposits is quite independent of the distri- 
bution of the sediments under consideration and that in fact "Calcareous" 
member markers, especially in the eastern part of the studied area 


(detrital facies) correlate across the channel. 


| The interpretations of the sandstones lying above the Ellerslie 
Member, as being channel-fill deposits is supported by several lines of 
evidence which will be reviewed further on. Initially, however, other 
nypotheses were not excluded and were considered. 

First of all, it was possible that the sandstones overlying 

the Ellerslie Member deposits might represent a barrier-island deposit 
associated with the Clearwater transgression, separating marine deposits 
in the northwestern part of the studied area (e.g. detrital facies 
attributed to the "Calcareous" member in this work) from lagoonal type 
deposits in the eastern and southeastern part of the region (e.g. 
shales, thin limestone beds attributed to the "Calcareous" member in 
this work). However the geometrical pattern of these sandstones (see 
map Fig. 8) is meandering and bifurcating, and cutsacross these two 
facies almost perpendicularly. Besides, the shaly facies of the "Cal- 
careous" member in the Bellshill Lake area is quite similar to that 
found in other regions of Alberta. 


A second possibility was that all the "Calcareous" member in 
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the northwestern part of the studied area had been eroded by a major 
river and that the detrital facies that is now found there is associated 
with the channel deposits proper. This hypothesis has been partly re- 
tained since in certain places the thickest sandstone beds at the top 

of the "Calcareous" member appear to have been incorporated into the 
channelling pattern. This interpretation has not been generalized to 
include the whole detrital facies of the "Calcareous" member, as the 
Siltstone layers which form a good deal of this facies northwest of the 
Bellshill Lake field seem to correlate over several miles, a feature 
which is not likely to be expected from fluvial-type deposits. From a 
strictly geometrical point of view, this interpretation would have con- 
Siderably widened the area of influence of the channel giving it a delta- 
like appearance on the man, whereas it would be extremely difficult to 
interpret the deposits in question as delta deposits, both because of 


their lithologic characteristics and depositional pattern. 


Evidence for Channel Origin 

There are numerous lines of evidence which strongly suggest 
a channel origin for the thick sandstone sections in the Bellshill Lake 
area and their association tends to strengthen the interpretation. 
These are summarized below. 

Bed Continuity 

Several siltstone markers in the detrital facies of the "Cal- 
careous" member in the northeastern part of the studied area correlate 
Froik one side of the channel to the other. This suggests that the 
"Calcareous" member was deposited prior to the development of the 


sandstone which in fact cut through the "Calcareous" member. This 
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relationship, which may be seen in cross section I (Fig. 4, wells 7-11- 
41-14W4, 7-10-42-13W4 and 12-13-42-13W4), was central to assigning a 
channel origin to the anomalously thickened sandstones in contrast to 
the terrace origin suggested by Conybeare (1964, 1967) and Martin 
(1966). 


Size-Shape 


The area occupied by anomalously-thick sandstones in the Bells- 
hill Lake area is narrow and elongate (20 miles long by 1.5 to 2.5 miles 
wide in the studied area) with a map pattern markedly bifurcating and 
meandering. The maximum thickness of the additional section, though 
difficult to determine, seems tc be about 150 feet; both the lateral 


margins and the basal contact are abrupt and probably erosional. 


Petrology 


Shale pebbles were observed in the sandstone in several wells 
(4-32-41-12W4, 1-33-41-12W4, . . .) always restricted to the lower half 
of the section. Shale pebbles are up to several inches in diameter 
and are very irregularly shaped, suggesting that they were plastic at 
the time of incorporation into the sandstone, and that they were prob- 
ably formed very close to where they now occur (Williams, 1966). 
Bonding agents in the sandstone are a mixture of detrital (clay, bitu- 
minous material, iron oxide) and chemical material (calcite essentially). 
The ratio of grains to matrix is sometimes fairly low (close to 1.0). 


Fossil wood as well as coaly and carbonaceous material (pieces up to 


several inches long) are common. 


Texture 


In all the studied wells, siltstones and shale-beds were 
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prominent in the upper part of the sandy section, related to a marked 
upward decrease in grain size from fine and locally coarse grained at 
base to silt and clay at top; upward-fining graded bedding was locally 
noted in individual units. Particle shape ranges from sub-rounded to 
angular but is mainly sub-angular; it is not uncommon to observe fairly 
well rounded grains included in framework of angular grains. On the 
whole, however, sorting is generally good, although almost all the 
samples analyzed for grain size distribution show a marked fine-end 


tail in the silt range. 


Faunal Content 


No fossil remains were recovered from the channel fill deposits, 


Sedimentary Structures 

No ripple marks were observed, but these are not always appar- 
ent in cores; cross-bedding however, appears to be quite common. High 
angle dips (40°) were observed in the 4-32-41-12W4 well but it is not 
certain that these are not located in the Ellerslie Member sandstones. 

These different characteristics have been summarized in Table 
VI, where they are compared with those usually assigned to fluvial de- 


posits according to Exum and Harms (1968) and Pettijohn et al. (1965). 


Summar 

These different factors wnen taken together permitted assigning 
a channel-fill deposit origin to the sandstones overlying the Ellerslie 
Member, and were used to map it in the Bellshill Lake area. 


Although the channel has been interpreted in this study as 
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being of fluvial origin, a tidal-estuarine origin should not be ruied 
out as a possibility. In fact, the presence of worm borings in the 
sediments and the high degree of sorting in the deposits could be taken 
as arguments in favour of this alternative interpretation. 

The development of a channel obviously implies emergence at the 
end of "Calcareous" member time perhaps linked to a local uplifting of 
the region, and initiation of a river which first cut a deep channel, 
then later filled it up as base level rose with the advance of the 
Clearwater sea from the north. Lacustrine conditions may have locally 
prevailed in the region for a short time, as in one place channel-fill 
deposits are overlain by dark shales from which ostracods have been re- 
covered. Then marine conditions rapidly spread over the area as at- 
tested by the presence of glauconite in and beneath a persistent alau- 
conitic siltstone and sandstone layer. Thus the succession of deposi- 
tional environments in the Bellshill Lake area was apparently fluvial, 
lacustrine, back to fluvial, lacustrine then marine from Ellerslie to 
lower Fort Augustus time. 

It should be noted that the course of the post-McMurray channel 
in the studied area is essentially coincident with that of the pre-Mann- 
ville valley in as the basal Ellerslie sediments were deposited (see 
Figs. 3 and 8). At the end of "Calcareous" member time, the Bellshill 
Lake area was still a depression between the highland areas in the north- 
eastern and southwestern parts of the area (see cross-section Pi .aFid. 
6), and it was in this low area that the early Fort Augustus river de- 
veloped, in the central part where "Calcareous" member shales were the. 
thickest and compaction phenomena may have already traced a sort of 


depressed zone. 
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CHAPTER 8 
SUMMARY AND CONCLUSIONS 


The main purpose of this work was a petrologic, stratigraphic 
and paleogeographic study of the Mannville Group in the Bellshill Lake 
area in order to explain the origin of the anomalously thick quartz 
sandstones which give rise to petroleum accumulations in the area. 

With this aim in view, all the electric logs of wells drilled 
in a 324 square mile area (nine townships), as well as core samples 
from sixteen of these wells, were used to provide geometrical, 
lithological and petrological data on the sediments. 

In the Bellshill Lake area the Mannville Group sediments 
directly overlie Paleozoic rocks (Devonian Wabamun and Winterburn 
Formations). An isopach map of the Lower Cretaceous strata outlines 
the paleotopography of the pre-Mannville surface, the major feature of 
which is the valley of an Early Cretaceous river (and its tributaries), 
which drained the area south and southeast of Bellshill Lake and flowed 
northward into an arctic sea. 

Beginning in late Barremian time, the first sediments which 
were deposited on the post-Paleozoic erosional surface were continental 
in origin (McMurray Formation), and continental conditions prevailed 
until the onset of the Clearwater transgression in the area in Middle 
Albian time. Subsequently the sea withdrew toward the north with 
deposition of the Fort Augustus Formation. 

The Deville Member (late Barremian), generally represented 
in Central Alberta by greenish grey waxy shales and greenish grey shaly 


Siltstones, and usuaily considered as erosion detritus developed at the 
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expense of the Paleozoic rocks underlying the Cretaceous beds, was not 
observed in the Bellshill] Lake area. 

The Ellerslie Member (Aptian) is represented by quartz 
sandstones which are distinctively finer grained at the top than at 
the base (including shale pebbles at base). These sandstones are 
essentially fluvial type sediments and presumably correspond to the 
filling-up phase of the Early Cretaceous valleys. 

The "Calcareous" member sediments (Lower Albian), mainly shales, 
were deposited ee essentially lacustrine environment, probably as a 
result of damming of the river course by sediments. In the northwestern 
part of the Bellshill Lake area, the "Calcareous" member is represented 
by a coarser detrital facies consisting predominantly of siltstones. 
These siltstones, which also seem to be lacustrine in origin, may have 
been derived from a local source of detrital material located north of 
the Bellshill Lake area. 

Following deposition of the "Calcareous" member, the region became 
emergent and sediments previously deposited were eroded by a deep river 
channel, which later filled with sediments, probably following the 
raising of its base level associated with the advance of the Clearwater 
sea from the north. The erosion surface at the base of the channel 
sediments marks the base of the Forth auseetus Formation in the Bellshill 
Lake area. 

The channel-fill sandstones are responsible for the anomalous 
thickness of the basal sandstones of the Mannville in the Bellshill] Lake 
and adjacent oil fields which most authors have linked to the underlying 


Ellerslie Member. The channel crosses the Bellshill] Lake area from east 
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to west for about 20 miles, with an average width of about one and one 
half miles and a depth of up to 150 feet. 

Statistical parameters were computed from nineteen sandstone 
samples which were subjected to size analysis but did not prove useful 
either in stratigraphic analysis or in determining the depositional 
environments of the samples studied. 

Sandstones of the Ellerslie Member are quartz sandstones, those 
of the "Calcareous" member and channel are compositionally related and 
are transitional between quartz and lithic sandstones, while the 
glauconitic sandstones of the Fort Augustus Formation are lithic sand- 
stones in the terminology of Travis (1955). Most of the Mannville Group 
sandstones are cemented, essentially by calcite, the main source of 
carbonate coming from the erosion of Paleozoic limestone beds. 

This study demonstrated the presence of channel-fill deposits 
at fe base of the Fort Augustus Formation in the Bellshill Lake area 
which constitute the reservoir sandstones in the Bellshill Lake and 
Thompson Lake fields. Additional studies are required to verify the 
existence of and map the channels over a wider area to add to the 
knowledge of the depositional history and paleogeography of Mannville 
time, and as an aid in finding new petroleum accumulations in the 


Mannvilte Group. 
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APPENDIX A 


_ Name and Location, Interval Logged 
H.B. et al. Bellshill Lake 3-15-41-12W4 3085-3130 
B.H. et al. Schultz Lake 4-15-41-12W4 3045-3135 
Banff Champlin Bellshill Lake 8-15-41-12W4 3102-3740 
Banff Champlin Bellshill] Lake 9-15-41-12W4 3210-3260 
H.B. et al. Bellshill Lake 12-15-41-12W4 3059-3103 
H.B. et al. Bellshill Lake 13-16-41-12W4 3012-3062 
Permo Catalina Bellshill] Lake 7-19-41-12W4 3020-3658 
Banff et al. Bellshill Lake 6-21-41-12uW4 3003-3034 . 
H.B. et al. Bellshill Lake 10-21-41-12W4 3018-3063 


Rich. Oil Corp. Bellshill Lake 13-22-41-12W4 2988-2993;3004-3029 


Joe Phillips Bellshill Lake 2-27-41-12W4 2970-3012 
Rich. 0i1 Corp. Bellshill Lake 3-28-41-12 2974-3009 
Richfield McLennan F 4-32-41-12W4 3056-3081 ; 3096-3160 
Richfield McLennan F 10-32-41-12W4 | 2959-3019 
H.B. et al. Bellshill Lake 1-33-41-12W4 2973-3011 


Tower Killam #] 5-18-42-13W4 2963-3049; 3081-3205 
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Size: 


Analysis 

jal 9-15-41-12W4 
P14 : 

alice) 2 

G8 12-15-41 -12W4 
G10 " 

E13 13-16-41-12W4 
D9 10-21-41-12W4 
D13 . 

D15 

C12 13-22-41 -12W4 
M19 3-28-41-12W4 
09 A-32-4]-]2W4 
O12 n 

022 e, 

026 

rs) 10-32-41-12W4 
L23 ]-33-41-12W4 
R51 5-18~-42-1 3W4 
R66 ae 


APPENDIX B 


Sample Locations 


PERRIN: 


Section Analysis 


N11 3-12-41-12W4 


N42* 


UA 
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rox. Depth (ft. 


3195 
Scorn 


* pelea 
és 
in . 

Lis: 


H14 
H19 
H27 
J5 (limestone) 
J6* 
J35 
J42* 
J43 
F2 
F6 
Fl] 
p5* 
PTO* 
G3 
G7 
Gl 
El] 
al @ ad 
E20* 
Bb* 
Beis 
Al2 
Al7* 
D5 


Well 


3=15=41-12W4 


u 


4-15-41-12W4 


8-15-41-12W4 


u 


9-15-4)-12W4 


12-15-41 -12W4 
13~-16-41-12W4 


7-19-41-12W4 


6-21-41-12W4 


10=21-47=12W4 


8] 


Approx. Depth (ft.) 


3100 
3111 
3122 
3052 
3053 
S42 
eM ide, 
3131 
3110 
3125 
3140 
3222 
3259 
3060 
3068 
3078 
304] 
3055 
3059 
3028 
3059 
3022 
3029 
3030 


_ 


Sample » oe Approx. Depth (ft. ) 
D4 10-21-4101 204 3052 
C6 13-22~41-12W4 3005 
C15 u 3019 
C23 : 3025 
K10 (limestone) 2-27-41-124 2992 
K19* " 3010 
M6 3~28-41-12N4 2983 
M14 | " 2995 
M20 -3-28-41-12N4 3003 
04* 432-41~1204 3065 
019 u 3110 
11 WnsZnleWda 2960 

19% u 2972 
124 " 3008 
Li 1-33-41-1204 2988 
L22 " 3001 
L26* " 3005 
RB* | 5~18-42-13H4 2982 
R14 " 3000 
R20% M ) 3020 
R28 (limestone) i 3028 
R72 " 3170 
R81 r 3201 
R83* u 3204 


_* Thin sections subjected to point analysis 
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APPENDIX C 


Core Descriptions 


Hudson's Bay et al. Bellshill Lake 3-15-41-12W4 (KB 2420) 


nn i a a i ee 


Core #1: 


Thickness 


The 


ya 


ea 


0°54 


fF 3 


PPO 


o's" 


Core #2: 


Thickness 


aoe 


3085-3097 (rec. 11.8 ft.) 


Description 


Sltst., yellowish grey, qtz. with considerable 
authigenic overgrowth, calc., fairly well 
indurated, sparse carbonaceous material nodules. 


Sh., areyish black, with coaly flecks and streaks, 
glossy, disseminated and finely nodular pyrite is 
common, minor slickensidina. 


Sitstis yellowish grey, stivcaler,oarqn; slamicro- 
micaceous, well indurated, v. abnt. patchy o.s., 
xbdg. occurs at base. 


Coal, and iyvreaularly thinly intbd. alossy black 
Sh. make up the bed. 


Sh., med. dk. grey to black, silty dull, abnt. qlossy 
black carbonaceous coaly material, fairly indurated, 
pyrite either disseminated or forming rods up to half 
an inch long, intlam. with rare, v. f. 1t. coloured 


Sltst. making up v. thin lentils. 


Sh., med. grey, silty, carbonaceous flecks and 

streaks, dull, pyrite common, presence of brown wood 
remains, partially carbonized or pyritized, intbd. with 
two seams of black Sh. as above, each 1" thick, at 


5" and 1'7" from the top of the int. 


Sh., dk. grey, silty, qglossy, conchoidal broken 
surface, well indurated, pyrite common, especially 

in grades up to 1 cm., but also disseminated or in 
thin rods. »thinly vinthds and lam. with Sltstes> It. 
arey, qtz., indurated, makes up thin lentils, showing 
in part deformations contemporaneous with the sedi- 
mentation. 


3097-3130 (rec. 33 ft.) 


Description 


Sh., med. dk. qrey to areyish black, silty, carbon- 
aceous material common, pyrite v. common especially 
in nodules, intlam. with It. coloured Sltst., be- 

coming more prominent at base where they form thin 
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Description 
lenticular beds. 


S.S.5 V. f. gr., to Sltst., pale yellowish brown, 
qtz. with considerabTe authigenic overgrowth, calc., 
herd, highly Sideritic, siderite forms thin lenticu- 
lar beds in part, carbonaceous material common, 
thinly (maximum thickness 3 to 4 mm.) intbd. with 
black Sh., as above. 


Sh., It. grey, micaceous, silty, rare nodules of 
carbonaceous material, dull, nodules of pyrite common, 
hard, thinly intbd. at base with lenticular S.s., 

Vv. it. Gueys .vieflicr: 


Sh., med. dk. grey, micromicaceous silty, rare 
black carbonaceous nodules, dull, nodules of pyrite 
common, sparse wood fossil remains, hard, thinly 
intbd. with Sitst., yellowish grey, qtz., micromi- 
caceous material, s.s. becomes prominent toward 

the base, s.s. seams are 1" to 2" thick at base and 
include lentils of sh. 


5-S-5 V. fF. gr., to Sitst., med. bluish grey, aqtz., 


poor porosity, rare vugay porosity, highly calc., v. 
hard. 


Srey isv. bfacdr. ita Slist., From yellowish grey to 
pale yellowish brown, qtz., poor porosity, micro- 
micaceous, scat. 0.s., irregularly intlam. with Sis, 
dk. grey, micaceous, silty, dull, well indurated. _ 

Sh. is becoming prominent at base, where it includes 
v. thin lentils of s.s. 


S.S. to Sltst., highly calc. as above, 


S.S.,5 V. f. gr. to Sitst., mod. yellowish brown, 


qtz. with authiaenic « overgrowth, A., poorly sorted, 


good porosity where no authiaenic overgrowth occurs, 
firm, micrmicaceous, mainly scat. 0.s. but also some 
wide heavy oil patches. 


S.s. to Sltst., highly calc. as above. 

S.s., mod.yellowish brown,..atz..with sparse authiaenic 
overgrowth 5 if. gr. ctd cv. wi! igrnsiuvetsl., stitp? evel 
sorted, a., good porosity, loose, heavy oi] saturated. 


Sh., med. dk. grey, micaceous, silty, glossy, fairly 
hard, thinly intbd. and lam. with Sitst., yellowish 
grey, qtz., well indurated, rare scat. onsen except 
at 2" thick sltst. seam at 2" from the top of the 
interval, sltst. beds are usually v. thin and 
lenticular. 
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Hudson's Bay et al. Schultz Lake 4-15-41-12W4 (KR2400) 


Core #1: 3045-3090 (rec. 44 ft.) 


Thickness Description 
oo" Sh. ,- dk. grey, silty, smooth broken surface, abnt. 


nodules of pyrite, hard. 


AS6" Sh., med. dk. grey, micromicaceous, sl. silty, dull, 
abnt. pyrite either in nodules up to 1 cm. in diameter, 
or in small 1 cm. long sticks , thinly intbd. or lam. 
in basal 2' with Sltst., yellowish grey, qtz. with 
considerable authigenic overgrowth, shaly well 
indurated, sl. micaceous, sl. glauconitic, pyritic. 
Sitst. forms, lenticular beds, they are up to 7 cm. 
thick at base. 


O25. Ls., med. bluish arey, sub-lithographic, mostly re- 
crystallized, no intercrystalline porosity, very poor 
vuggy porosity, pyrite common, highly fracturated and 
Fidtedewith Sltst..oolta,brewn, gtze,isl. cale:;,dhoose, 
abundance of small black nodules (carbonaceous material, 
0.S.?); the fractures network gives the rock an aspect 
of pseudo-breccia with big elements. 


Ors aya. S.S., greyish oranae, qtz. with authigenic over- 
growth, v. f. gr., silty, a., fair to poor porosity, 
calc., shaly, hard, v. irregularly intbd. with Ses 
greyish black, silty, dull, pyrite, hard. 


g' 3" Sn., greyish black, sl. micacecus, silty and sandy, 
silty, finely pyritic, lenticularly intbd. with S.s, 


Vi TOY LOPOESL. 5 7V. te. Grey, Getz wrtn auth - 
genic overgrowth, fair porosity, well indurated, 


w 


pyritic. 
Dis Ls., as above. 
OFS" Sn., black, waxy, giassy broken surface, abnt. micro- 


granular pyrite (about 1/20 mm in diameter), thinly 
intbd. with S.s., dk. yellowish brown, v. f. gr., 
qtz. with authigenic overgrowth, A., silty, arg., 
calc., poor porosity due to silt and clay content, 
hard, S6ats OvS< 


Oro" SoS, Yelhowishegreysays fiegr., to Sitst. saqéZaieai. 


poor porosity, v. calc. well indurated, sl. mica- 
- ceous, micropyritic, sl. glauconitic, scat. 0.s. 


0'3" Sh., black, micaceous, sl. silty, sparkly, pyritic, 
Toose, intlam. with Coal and lenticular S.s., grey- 
tShuye LOW seGtZsnave fo ar.,cSiltyegnaas poOdr porosity, 
sl. calc., hard, abundance of carbonaceous material. 


67:10. Sh., med. dk. grey to med. bluish grey, silty, s1. 
calc., dull, microgranular pyrite abnt., hard. 
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Thickness _ 


o'11" 


20! ot 
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Description 


Sh., greyish black, silty, pyrite common, friable, 
v. f. lam. or thinly intbd. with foal (coal beds up 
bo 2 eEhick. 


Sitst., mod. yellowish brown to yellowish grey, qtz., 
c., fair porosity, well indurated, micropyritic, 
micaceous, scat. 0.S. varying vertical ly with arain 
size, intlam. at base and especially in basal 8" 

with Sh., dk. grey, micaceous, silty, dull carbonaceous 
material common, abundance of well defined gypsum 
crystals, fairly hard. 


Sh., black, coaly material abnt., alossy, smooth 
broken surface, fairly hard, inthd. » with Coal. 
Partings of coal are thicker than those of sh. 


Sh., med. dk. grey » dull, v. abnt. tiny shreds of 
palate (?) qivina the rock a greenish color in 
part, scat. black carbonaceous material, well indu- 
rated, 


Sh., mainly creyish yellow green but also 1t. grey 


to dk. arey, dull, pyrite common, carbonaceous v. 
abnt. in the dk. grey seams, hard. 


sh., dk. grey, sl. micaceous, dull, micropyritic 
common, intbd. with S.s., yellowish grey, qtz., 
with considerable authiqenic overgrowth, Vv. f.ar., 
Ve gSim LY a, Beg, TalYOONOST ys “Calce.cSis -DYrIctc. 
well indurated, becoming more shaly at base. 


3090-3135 (rec. 45 ft.) 


Description 


Sh., greyish black, micaceous in part, silty in 
part, dull to waxy, pyrite common especially in no- 
dules up to 2 em in diameter, intlam. in part with 
lt.“orey Sittsc. ) 


of., med. dkivqrey. micacedus..s-ia—calc. at base, 
silty, dull pyrite common either hiahly dissiminated 
or in big nodules up to 1", well indurated, intlam. 

or v. thinly intbd. with Sitst., 1t. arey to yellowish 
grey, qtz. with authiaenic overgrowth, c. gr., a., 
poor porosity, hard, micaceous, sl. 0. s. at base. 


S.S., yellowish grey, qtz. with authigenic overorowth, 
Wo Tap Ghes silty, A., fair to poor porosity, well 
indurated, micaceous , Oo. Ss. scat. throughout, thinly 
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Description 


intbd. or intlam. with Sh., med. arey to dk. arey, 
micaceous, silty, dull, hard, xbdg. in part. 


sors Vel lowish arey, gtz., f: or., a., fairly well 


sorted, Goodspurusity,. st: arg. in part, sl. ales, 
firm, pyritic, sideritic. 


S.s., thinly intbd. or intlam. with Sh., as above. 
Pyrite common. At 6' from the top occurs a 4" thick 
Seam OG wW jpcalc. Ss.s., med. bluish grey, v. f. gr, 
Mis Ve" DOOY POrOS ity, Stderitre, v.> hard. 


Banff Champlin Bell 8-15- 41-12!'4 (KB 2431.8) 


Core #1: 3102-3140 (rec. 38 ft.) 


Thickness 


14°0" 


23F Q" 


Os 


Description 


Seoan DalerOli VestGtZ aM. Char. s Vs Silty, v. poort 
sorted, a., poor porosity, firm, micaceous, black 
carbonaceous material common, intlam. with rare Sh., 
greyish black to black, silty, alossy, abundance of 
black carbonaceous and coaly material. But at res- 
pectively 4', 6', 6'7", 8' and 14' from the top of 
CHEWING. noi bohGre rsh, cseamsSaerea as thick ssw. 
seams (3-4 mm). 


S.S., pale yellowish brown, qtz., f. gr., silty, 
fairly well sorted, a., fair to good porasity, sl. 
friable, black carbonaceous material common. 


S.S., pale yellowish brown, as above, intbd. with 
irregular beds of Sh., dk. grey, micaceous, silky, 
loose, abundance of coaly and carbonaceous material 
(pieces up to several inches lona). 


3-12-41-12R2 (KB 2563) 


Core #1: 3183-3223 (rec. 40 ft.) 


Thickness 


268 


TPE 


Description 


Sh., dk. grey, silky, smooth broken surface, pyritic, 
firm. 


Sh., dk. arey to greyish black, sl. micaceous, silky, 
pyritic, some rare black carbonaceous material, firm, 
intlam. at top and thinly intbd. at base with lenti- 
cular Stis te, Wits wrey,.qtz., well indurated, *s.l; 
micaceous, some black carbonaceous material scat. 
throughout, presence of worm borinas. 
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Description 


Satst., med. sqreys *qtz., arg., well indurated, 


micaceous, abundance of coaly flecks and streaks, 
thinly intbd. at top of the int. with lenticular 
partings of Coal. 


rte Ve minis UYews dtz., Vy .c. dla, dag toLr 
porosity, sl. arq., black carbonaceous material scat. 
throughout, thinly inthd? with Sh., “dk: grey, 
micaceous, silty, glossy, some thin partings of Coal 
are also intbd, 


Dose Ge POUIVe: UTeY a dczas Vet. Or. 50 Ms STTEY,: Vi 
poorly sorted, a., poor porosity, well indurated, 
micaceous, thinly intbd. with Sh., areyish black, 
micaceous, silty, glossy, abundance of black carbon- 
aceous material. 


Sh., black, siiky, abundance of carbonaceous material, 
Toose, thinly intbd. with Coal. 


Sh., med. bluish arey to dk. grey, silty, dub, black 
streaks of carhonaceous material common in part, 

CVV CHCA thi thinly intbe. with v. irreaular lenti- 
cular bodies of Sitst., qreenish arey, atz., v. poorly 


sorted, poor porosity, sl. friable, sl. micaceous, 
black carbonaceous material scat. througnout. 


Sh., black, glossy, with coaly flecks and streaks, 
hard, intbd. with (seams up to 2" thick) of Coal; 
slickensiding in part. 


Sh., black, intbd. with Coal, as above. 


Sh., dk. grey with sl. greenish cast sl. silty, 
glossy, chloritic (?), hard, thinly intbd. with lenti- 
cular Sltst., greenish qrey, qtz., well indurated, 


chloritic fete 
» black, sl. silty, dull, abundance of coaly 


material, sl. loose, intbd. with Coal; coal beds 


are up to several inches thick, slickensiding in part. 


Shin dk: “drey, sl. -micaceous.,, dull, fairly wel] 


indurated, thinly intbd. (mainly lenticularly) with 
Sltst., It. grey, qtz., well indurated, micropyritic. 


Sltst. s Tee GYe rw ndta. sev. fa. OY sy “argu, hard, 
micaceous, coaly material v. common in part. 
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Description 


She. sblack. -qlossy., chloritic (2), .pyrrtic, carbo- 
naceous and coaly material v. common, Ostracod remains. 


Sh., greenish grey to med. arey, dull, chloritic (?), 
Tong streaks of coal in part, hard, thinly intbd., at 
apout 4 O“ strom the top if the int... with sitst. ., 1b. 
grey, agtz., with considerable authigenic overarowth, 
sl. friable, micaceous, sltst. include dk. granules 
of sh. (1-2 mm diameter). 


3223-3263 (rec. 32.9 ft.) First box of 8 is missing. 


SCaReind at S220 TL. 


Description 


Sltst., med, grey to mod. yellowish brown depending 
upon 0. S., qtz., with considerable authigenic over- 
growth in part, v. arg. in part, chloritic (7), 
micaceous, pyritic, sideritic, not o. s. to highly 
oO. Ss. depending upon clay content and ar. size. 


Sltst. med. grey as above, inthd. with S.s., greyish 
brOWNs sO tzu een. £OSi1t. tainly wel) sorted, 
r., Vv. good porosity, friable, heavy o. saturated. 


S.S.a)1t. arey:to mod. yellowish brown, qtz., v. f. 
GriclO.t. Ofss.S) ty, wel lesorted jean tabr porosity, 
sl. firable, micaceous, intlam. with rare lenticular 
GK ol. 


S.S.s 10. .greyras above, <but tess silty; good porosity, 
well indurated, micaceous; black micaceous Sh. on 
bedding planes. 


Banff Champlin Bell 9-15-41-12W4 (KB 2403) 


Core #1: 


Thickness 


2 1G 


PRO 


3210-3260 (rec. 50 ft.) (Due to hich disturbance of the 


core, given thickness will be 
approximative). 


Description 


SeSi.,greenish grey, GtzZ.»5 V.. fs GY.» YS ays 
poorly sorted, A., fair to qood porosity, sl. loose, 
micaceous, black carbonaceous material scat. throuch- 
out, intlam. with lenticular Sh., med. dk. grey, 


“micaceous, silty, dull, hard. _ 


S.s., aS above, v. thinly and regularly intbd. with 
Sh., dk. grey, micaceous, v. silty, dull, firm, 
abundance of black carbonaceous material. 
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Thickness Description 


226" S.S., aS above, thinly intbd. (or in patches) with 
Tenticular Sh., med. dk. grey, micaceous, silty, 
dull, rare black carbonaceous material scat. through- 
out. 


7 0: S.s., It. grey, qtz. with authiaenic overarowth, f. 
gr. but presence of rare c. size grains, well sorted, 
Yr.,; D00Yr porosity, v. calc., v. well indurated, 
micaceous, including numerous very irregularly 
shaped pebbles of Sh., dk. grey, micaceous, silty, 
dull, black carbonaceous material scat. throughout, 
firm. 


7 O° S.S., aS above, but rounded, including rare but big 
rounded pebbles of Sh., as above. 


6' 3” SeSe, yeltow?shrgrey, qtz.y'f) art, v. well sorted, 
a., good to v. good porosity, fairly well indurated, 
micaceous. 


ie! S.S., as above, but mottled color, and presence of 
rare pebbles of dk. grey sn. 


Sate S.s.,; It. grey to mod. olive brown depending upon 
O;se5 Fe totveut eo neersi ltguinipartycfatylyawell 
sorted, a., fair to good porosity, arg. in part, 
friable, micaceous, sparse black carbonaceous 
material, sl. 0. s. in part including v. irregularly 
shaped pebbles (up to several inches) of Sh., dk. 
grey, micaceous, firm, long streaks of carbonaceous 
material. 


oven S.S., It. olive grey to dusky brown, f. gr. with some 
rare c. grains, silty in part, poorly sorted on the 
whole, r., fair to good porosity, friable, mostly 


highly o.s. 


76" S.s., yellowish grey, sl. mottled (mod. olive brown), 
gtzs3.rf) ant, "Veswel1esortedseriymtora. 5 Ve«good 
porosity, v. friable. 


Hudson's Bay et al.Bellshill Lake 12-15-41-12W4 (KB 2389) 
Core #1: 3059-3103 (rec. 19 ft.) 


Thickness Description 


Os hae S.s., yellowish grey, qtz. with authiaenic overarowth 
in part, veat. oregufairly welinsérted) esiedsiMtyina., 
good porosity in part, sl. loose, v. sl. micromicaceous, 
irregularly intlam. or thinly intbd. with Sh., dk. 
grey to black, micaceous, sl. silty, sl. carbonaceous, 
dull, fairly hard. Some worm borings. S.s. more 
prominent at top. 
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Description 


S.S., dusky yellow, qtz. with sparse authigenic 
overgrowth, f. ar., silty, well sorted, a., good 
porosity, friable. 


S.S., as above, but yellowish grey. 


S.S., mod. yellowish brown, qtz. with authigenic 
overgrowth, f. ar., v. well sorted, a., v. good 
porosity where no authigenic overgrowth occurs, 


friable, o.s. 


Sh., dk. grey, micromicaceous, silty, dull, fairly 
indurated, thinly irreqularly lam. with S.s., 
yellowish grey, qtz. with abundant authigenic over- 
growth, Vi. fs) gr¥.toesTit,wst: micromicaceous. 
Abnt. worm borings filled with s.s. 


S.S., mod. yellowish brown, qtz. with authiaenic 
overgrowth in part, v. f. ar., fairly well sorted, 
sl. silty, a., good porosity where no authigenic 
overgrowth occurs, v. friable, sl. micromicaceous, 


0.S. 


S.S., aS above, but more indurated and regular 


Jaminae or v. thin beds of biack heavy oil. 


Desa, eOG., DOWN GEZ ty lO Vint wtgris. vowel 
sorted, A., v. good porosity, v. friable, highly 
heavy 0.S. 


Hudson's Bay et al. Bellshill Lake 13-16-41-12W4 (KB 2347) 
Core #1: 3012-3047 (rec. 33 ft.) 


Thickness 


US thee 


6'0" 


310" 


Description 


Sh., greyish black, micaceous black, micaceous, 


Silty, silky nodules of pyrite common, firm. 


Sh., med. grey, sl. micaceous, silty, dull, nodules 
of pyrite common, hard, brown fossil wood remains 
intlam. at base with lenticular Sltst., It. arey, 
qtz., poor porosity, micaceous, black carbonaceous 


material scat. throughout. 


US htstee. 1t. Tarey to yellowish grey, qtz., sl.<—calc., 


fairly well indurated, micaceous, black carbonaceous 
material scat. throughout, brown fossil wood remains 
(up to several inches lona) intlam. with Sh., med. 
dk. grey, micaceous silty, glossy. 
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Description 
Sh., dk. grey, micaceous, silty, dull, hard, intlam. 


or thinly intbd. with Sltst., yellowish grey, qtz., - 


Vv. poor porosity, well indurated, black carbonaceous 
material scat. throughout; five seams of S.s., 

dusky yellow, qtz., v. f. gr., silty, poorly sorted, 
fair porosity, micaceous, sl. 0. s. are also intbd. 
at: 


3°10" From the top of the interval (2 ethick) 
Rit 74 (214% ut ) 
15'9" u " " uN " u (5" ie 
16'4q" u " " " u " ( ] Woe " 
138! 4" " " i" nt ut tt (4" it ) 


SiSa_ -edkilyelklowishrbrowms qezes ivi fowgra.to f. 
Gri, Vv. Si. Stltys Tairly well Sorted, a,, Vv. good 
porosity, v. friable, highly o.s. 


Sltst., pale yellowish brown, atz., poor porosity, 
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well indurated, micaceous , black carbonaceous material 


scat. throughout, thinly intbd. with Sh., greyish 
black, micaceous, silty, alossy, abundance of black 
carbonaceous material, hard. 


S.s., dk. yellowish brown, qtz., v. f. gr., v. well 


sorted, r., Vv. good porosity, v. friable, v. 
highly o. s. 


Core #2: 3054 (recrf6c2 .ft)) 


Thickness 


Que 


Os 


o'5" 
2" 10" 


Description 


Ses. sepateyyel towtsh ebrowns.qtz...° Fo ar... Vv. 

well sorted, a., good to v. aood porosity, sl. arg., 
fairly well indurated, v. sl. pyritic, almost no 

O. S: 


SaSts smods browngrqtz.; aycuratang.to f. ar., v. 
well sorted, r., Vv. good porosity, friable, highly 
5. SS'5 


S.S., pale yellowish brown, as above, micaceous. 


S.S., mod. brown to dusky brown, as above, heavy 
oi! saturation. 


Core #3: 3054-3063 (rec. 7 ft.) 


Thickness 


ey yal 


Description 


S.s., dk. yellowish brown to mod. brown, qta., v. 
f.sgr., V. weld ,sortedy ir, avingood porosity sev: 
friable, highly o. s. 
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Thickness 
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Description 


S.S., pale yellowish brown to dk. yellowish brown, . 
Narr 2G S02 Vs. SIA SITY, well sorted? 1. , 

good porosity, v. calc. at top, no calc. at base, 
well indurated when calc., almost no o. s. 


Permo Catalina Bellshill 7-19-41-12W4 (KB 2319) 


3020-3033 (rec? 12:8 ft!) 


Description 


since. » dusky "yer Tow, dtz., V. afd.5.Si« Calc.. 


friable, black carbonaceous material common. 


Sh.; dk. grey with sl. greyish red case, silty, 
Sl. micaceous, dull, nodules of pyrite (up to 
1/2") common, black carbonaceous material. Plant 
remains. 


Sasa WOGaeve lL lowish brown, otZ., Vs f. Ot.0 Ve 
silty, pooriy sorted, a., poor to fair porosity, 
well indurated, carbonaceous material scat. through- 
Out, Vv. Sia "Glauconitic, thinly sintbd. with v. rare 
lenticular black Sh. 


Sh., black inicromicaceous, silky, smooth. broken 
surface, sl. loose, thinly intbd. with rare lenti- 
CUlgGsoTtSt. 5. PL. GYey., CUZ. 


S.s.,mod. yellowish brown, as above, showina 
sedimentary figures at base. 


Sh., black as above. 


S.s., mod. yellowish brown, as above, thin 
black shale beds are v. undulating. 


ScSe yd. yellowish brown, gtz. , Vv. if... dr. 25V. 
Sb UY s whey POD sorting. V.. PEGY WOrosity, Calc, 
v. arg. in part, where it takes a dk. grey color, 
fairly well indurated, sl. pyritic. 


Sh., black as above. 
S.s., mod. yellowish brown, as above. 


Sh., greyish black, sl. micaceous, silty, v. 
friable, intbd. with Coal. 


S.s., I]t. grey, qtz. with authigenic overgrowth, 
Vals OR lOta tS laos. 4. V. Doar Poros ty, ards. 
fairly hard, dk. carbonaceous material common. 
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Description 


Sh., black, carbonaceous.and coaly material v. 
common, glossy, sl. pyritic, loose. 


Sh., med. dk. grey, sl. micromicaceous, silty, 
dull, pyritic nodules common, thinly intbd. with 
“ve Irreguiay bodies of Sitst..,, lt. areys atZ.. 
arg., well indurated. 


3033-3058 (rec. 25 ft.) 


Description 


Sltst., med. grey, qtz. with considerable authi- 
genic overgrowth, v. poor porosity, hard, sl. ~ 
micaceous, carbonaceous material scat. throughout, 
base of bed shows undetermined sedimentary figures. 


sh., black, sl. micaceous, silty, some coaly 
flecks and streaks, glossy, fairly well indurated, 
thinly intbd. with rare, lenticular It. grey Sltst. 


stsé. , it-yrgrevaGtz.), ang... V. calc. hand, sl. 


micaceous, sideritic, black carbonaceous material 
scat. throughout. 


Sh., black, thinly intbd. with Sltst., 1t. grey 
as above. 


Sh. , greenish grey to brownish grey, sl. micaceous, 
v. silty, sparse dk. carbonaceous material, duil, 
sl. pyritic, rare fossil remains (OQstracods?), 
minor slickensiding. aes 


Sitst. git. qrey..atz. :.with authigenie overqrowth, 
poor to fair porosity, arg., firm, micaceous, sl. 
pyritic, black carbonaceous material scat. through- 


‘out, brown fossil wood remains (up to several inches 


long). 


Sh., dk. grey, micaceous silty, alossy, pyritic, 
hard, thinly intbd. with lenticular and v. irregular 
bodies of Sltst.., It. grey calc., as. above. 


Saser, a Mled.s DINTSNEGYeY... 1.GZi.. Vis f. gr., a., poor 
LoLraty pOrvsity, Si.pyricic, V. Cale., veryeard: 


Banff et al. Bellshill Lake 6-21-41-12W4 (KB 2337) 


Core #1: 


Thickness 


Ose 


3003-3034 (rec. 27.8 ft.) 


Description 


Sh., black sl. silty, dull, coaly material common, 
pyrite especially at top, well indurated. 
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Description 


Sh., greenish grey with sl. greyish red cast, 
micaceous, silty (silt becomina more prominent 
toward base), dull, coaly streaks, pyrite abnt., 
hard, 


~~ 


tenticularlyewith Siltstes* ttt corey, atz.g Vv. 
f. gr., V. poor porosity, firm, some worm tracks. 


Sh., greenish grey with sl. greyish red cast, sl. 
micaceous, silty, dul] nodules of pyrite abnt., 
hard, 


Sh., as above, fossil remains (?) thinly intlam. 
Wan race. enti cular so ltst. 4. lt. SreYs,G%2, 


Sltst., yellowish grey, qtz. with authiqenic over- 
growth, a., poor porosity, firm, micaceous nodules 
of pyrite and coal common. 


Sits ase ve | lowlsnegreyGugt2Z. zea... poor to.fair 
porosity, firm, micaceous, rare nodules of pyrite, 
thinly intbd. with Sh., dk. grey, micaceous, 
silty, glossy, some worm tracks and borings, 

hard. 


S.s., pale yellowish brown, qtz. with authigenic 
overgrowth in part, v. f. gr., fairly well sorted, 
a., good porosity, firm, micaceous, brown fossil 
wood remains, sl. 0. S., intlamw. or thinly intbd. 
with black Sh. 


SoS. »,mod.s yeddowish brown, GUZ2 sw Veods-Gre, well 
sorted, v. good porosity, firm, highly o.s. 


Sh., dk. grey, micaceous, silty, glossy, micro- 
pyritic, fairly well indurated, intlam. or thinly 
antbdsewith 62545, yeldowish grey, qtz.. fT. gr. 
V;, Silty, poorly sorted. Aa, fair porosaity,. firm, 
micaceous, sl. 0. S. 


S:Shos MOG. 4 DROWN, Gi205 <td. wl. T..d0s5- Ar seve 
well sorted, v. good porosity, friable, highly o. s. 


Sh., dk. grey, micaceous, silty, glossy, carbon- 
aceous material scat. throughout, well indurated. 


S.S., as above. 
Sh., dk. grey, micaceous, silty, fairly hard, thinly 


qnthd, sor dntalm.-with Sitst., It. grey, qtz.. A.. 
firm. 
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Thickness Description 
1'6" S.S., as above. 


Hudson's Bay et al. Bellshill Lake 10-21-41-12i4 (KB 2343.1) 
Core #1: 3018-3063 (rec. 41.9 ft.) 


Thickness Description 
PD ike Sh., dk. grey, micaceous, silty, glossy, well 


indurated, intlam. or v. thinly inthd. with 
POWCVCUNOY er Seine Ur CYeVic Cleve Vo... OY. tO 
Sltst., a., poor porosity, arg., firm micaceous 
black carbonaceous material scat. throughout. 


76" Sitesi. 5 vel lowish grey, otz., poor porosity... v. 
arg., loose, micaceous, Si. 0. s., black carbo- 
naceous material scat. throughout, intbd. with S.s., 
mod. yellowish brown to yellowish grey, depending 
OME Ohm Sure UZ caus HIEY sy Uy 5 GO0d, POnOsI Lys. Triable, 
micaceous, 0. S$. becomes prominent toward the base. 


6'4" S., mod. yellowish brown, qtz., v. f. gr., a., 


Ss 
v. well sorted v. good porosity, friable, highly 
ONG, 


gre" S.S., yellowish grey to mod. yellowish brown, qtz., 
Wilf. gr. VesiTtys AL fcpodr oto *faiy porostty, 
arg... 5]. Joose; micaceous, Sls 0.. S.. wi. thinly 
intbd. in part with Sh., med. dk. grey, micaceous, 
silty, glossy, well indurated, and with S.s., 
hicghly 0. S., as above. 


4'3" DeSeg AKL yelpowishybrown,y tz. 7 verte dr. Sto Ff, 


gr., v. well sorted, r., v. good porosity, v. 
f¥tab les vo chign hy ‘os ist 


Orcs is,4 dk> yellowish rbwon, qtz., v. f. gr. to f. 


gr., well sorted, a., good to v. good porosity, 
v. friable, highly o. s. 


O57 Sh., dk. arey, micaceous, silty, presence of black 
carbonaceous material, dull, firm, intlam. or thinly 
intbd. with S.s-, greyish orange, atz’, vif. ar., 
silty, well sorted, a., good porosity, well indura- 
ted, micaceous. 


oT S.s., yellowish grey, atz., sl. silty, well sorted, 
r. good to v. good porosity, sl. calc., sl. friable. 


3105 S.s., mod. brown, qtz., v. f. ar., fairly well 
sorted, a., Vv. good porosity, v. friable, v. 
highly o. Ss. 
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Richfield 911 Corporation Bellshill Lake 13-22-41-12W4 (KB 2329) 


Core #2: 2988-2993 (rec. 5 ft.) 


Thickness 


(heal 


1 eet 


Cm fe 


Se hea fa 


‘ Description 
Sh., black or brownish grey, silty, dull, coaly 


material common, hard, fossil remains (Qstracods). 


Cite Cee LOW Sil Orevis Giz... Calc. Va Orders Sly 
friable, sl. pyritic, black carbonaceous material 
scat. throughout. 


Sitst., pale yellowish brown, qtz. with authigenic 
overgrowth, poor porosity, sl. calc., ara., hard, 
black carbonaceous material scat. throughout. 


Coal. 


Core #3: 3004-3029 (rec. 25 ft.) 


Thickness 


Gp se 


Ors al fa" 


a 


0'4 1/4" 


Ouae 


SS Ms 


Description 


SUSU aun) b arey qtz. with authiaenic overgrowth, 
Sl. friable, mMicaceous, sl. 0. S., Intbd. with Dees 
mod, yellowish brown. V. t. Gr., Va Silty poorly 
sorted, a., good porosity, fairly well indurated, 

O. S. Scat. throughout, some rare tnin seams of 
Sh., med. dk. grey, micaceous, silty, glossy, firm. 


5.5.3 mod. yellowish brown, atz., Ve T. gr. to 
silt, fairly well sorted, a., good porosity, well 
indurated, sl. micaceous, highly o. s. 


SAkid yellowish OneVan Gc. se Ve. Tan Oieus Vis~ SIECY 5 

ard., hard, micaceous, black carbonaceous material 
SCat. throughout, intlam. with Sh., dk. grey, mica- 
ceous, silty, dull, abundance of carbonaceous material, 


sl. friable. 


Sh., dk. grey, micaceous, dull, micromicaceous, 
sparse black carbonaceous material, hard, intlam. 
with nave It o"arey STtst. 


$-S.5, mod. yellowish, Drow, GUZ. 4 Ver fi. ar. Oust, 
fiarly well sorted, a., aood porosity, sl. friable, 
sl. micaceous, highly o. s. 


Sh., Greyish black, micaceous, silty, black carbon- 
aceous material scat. throughout, dull, worm borings 
common, hard, intbd. with S.s., mod.yellowish brown, 
GUZs. Veo 1s, ORs PEOLS Mita Tally welcl, Sorted, acs 

good porosity, sl. friable, $1. micaceous, sl. 0. S., 
sh. beds are thicker than s.s. beds. 


ve eet i sae or 


vieoo Ps) ware a pa pears 
( zheaursd 20), sntoae iy zor abet ; hoinno ts ac 


108 BH 5 UD i, eho aL: 
fatypssen hectic onan uni rN fe Bk i 


: ee 
= * . 


atasgtdive shite. san, rae ners bie f 


bred BAe cco da., tagton.d0%, ee afta 

a _ seagaet s HRT ae dosld Pe ify 

: cad oe as a sh : wi bee Jeo os BO! 
i: | ‘), (Peet rt: he va 

Bhisecadl Ge a i es dev) esoe-tone 


Aa ‘F eceilan! s 


tEwOTONRO oinsohdaes ad bw ios awe 
ae Hd ty. DOINE 28 oP wl 2NG 


~ Mbre0@ ails Vi Evid 9 eg a - 

- hosarbar 41 ay gfitst Rapa <i 
oa 0 eee etaz oy eS we 
wit? ated aos 7 a} 1 


Thickness 


Ay 10" 


3" 


OL 


poy 


Hal gy 


Description 


Sh., dk. grey, micaceous, silty, dull, hard, intbd. 
with S PEST Ave Vow isin greys: Giz: SW Cc. GPS, UR, 
fair porosity, fairly friable, micaceous, black 
carbonaceous material common, sl. 0. s. 


SPLStMRGI tOlgrey, Gotz. Vite. gr: Sag. fair 
porosity, well indurated, micaceous, with some 
rare black sh. seams, thinly inthdIwithesis ey 
mod. yellowish brown to dk. yellowish brown, 
qtz., ve f..gr. to silt,-wéll-sorted, A:, qood 
to v. good porosity, loose, sie micaceous , OF 3% 


Sh., dk. grey, micaceous, silty, glossy, black 
carbonaceous material common, firm, thinly intbd. 
or intlam. with lenticular Sitst., yellowish arey, 
v. Cc. gr., poor sortina, poor porosity, well indu- 
rated, micaceous. 


S.s., mod. yellowish brown to yellowish arey accor- 
Ciiee COs Omse gaclive We tor Gi. SIs SEILY, dvs Vi 
well sorted, qood to v. good porosity, friable, 
NVOnyade Ss, in the top foot-of the int., v. $1. 

O. S. at base. 


Sh., dk. grey, micaceous, silty, dull, fairly well 
indurated, worm borinos.common, thinly intbd. with 
$.$¢, pale -yel towfsh brown, qtzs, ve flor, "silty, 
fairly well sorted, fair to good porosity, sl. 
friable, sl. micaceous, 0. s. scat. throughout. 


doe Phillips Bellshill Lake 2-27-41-12U4 (KB2303) 


Core #1: 


Thickness 


3° 9" 


Io OF 


Zi) 


2970-3012 (rec. 42 ft.) 


Description 


Sh., greyish black, micaceous, silty, dull pyritic, 
abnt. carbonaceous material, friable, intlam. or 
intbd. (beds up to 1" ) with Coal. 


Sh., med. grey to dk. arey, micromicaceous at top, 
sl. silty, abundance of carbonaceous material, dull, 
pyrite common especially in bia nodules (up to 
several inches) hard, intlam. or thinly intbd. 


(beds up to 0.5 cm thick) with lenticular Coal. 


Ls., greenish grey to dk. grey, cryptocrystalline, 


highly recrystallised, no intercrystalline porosity, 
no vuggy or fracture porosity, pyrite scat. through- 
out, siderite in part, v. hard. 
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Thickness Description 
g'4" Sh., med. bluish grey to med. dk. grey, sl. silty, 


dull, abundance of pyrite either highly dissiminated 
in the rock or in nedules, coaly material common, — 
hard. 


S*4* ons, med. bluish grey, silty, si. calc., dull pyrite 
common, sideritic, carbonaceous material common, 
hard, intlam. or thinly intbd. (mainly lenticularly) 
WALOSSIES tsa aad. GLCVmeGlZ4 Cecdr. +,000raDACos ity, 
arg., calc., well indurated, sl. pyritic, sideritic, 
sltst. is v. rare at top but becomes abnt. at base. 
At 1'5" from the base a 2" thick seam is made up 
of sh. intbd. with S.s., mod. yellowish brown, atz., 
Fomgr. COV. t. OG. 5 O«» Well sorted, Tair porosity, 
“GOlCo atl eS hapQe Ss 


Richfield 0i1 Corporation Bellshill Lake 3-28-41-12\4 (KB 2309) 
Core #1: 2974-3009 (rec. 32.2 ft.) 


Thickness Description 
a Slies Peceereyaestily, SiRyS pyrmcrc, Dhack flecks 
of carbonaceous material v. common in part, sl. 
loose. 
etl SLES Cos ,0CCUISH Grey GTZ A...D00r Lo fair, poro- 


sity, sl. friable, micaceous, black carbonaceous 
material scat. throughout, intlam. with rare dk. 
grey Sh.3 sltst. becomes coarser and coarser toward 
the base. 


1s SIEGES Greenish Creyijudtees Ve Cr Ul sts. Ve tS LL ty, 

v. poorly sorted, poor to fair porosity, loose mica- 
ceous, black carbonaceous material scat. throughout, 
intbd. with S.s., mod. yellowish brown, qtz., v. 
t.-0r. tO silt, well sorted, r., good porosity, 
friable, highly 0. s.3 s.s. seams are about 5" thick 
at top but become thicker toward the base; some rare 
black Sh. partings are also intlam. 


Ou? SliggeilaG. Ck .Guew, micaceous, Silty, calc’, duit, 
hard. 
Waeoe S.s., yellowish qrey or mod. brown, dependina on 


O; See tiles Vestardrs ss) Ms STILY IM Dalis, Laur ly 
well sorted, r., good to v. good porosity (poor 

to fair when silty), friable, micaceous when silty, 
highly o. s. when silt is absent, silty seams are 
almost no o. s., they become less prominent toward 
the base, some rare black Sh. partinas are intlam. 
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Richfield McLennan F 4-32-41-12i!4 (KB 2285) 


Core #1: 3056-3074 (rec. 9.6 ft.) 


Thickness 
22 1O" 
Ou7e 


§ ©)" 


Description 
Cement 


Sbtst. sigveyish orange, gtz). Velc. ah.s,poor to 
fair porosity, arg. in part, well indurated, s1. 
micaceous, intlam. with Sh., dk. grey, micaceous, 
silty, dull, coaly material v. common in part, 
some xbdg. 


$.3,5 besiolive grey, qtz., F. ge. torvaiis gr. 
well sorted, a., fair to qood porosity, ara., sl. 


-friable, micaceous, considerable amount of coaly 


material scat. throughout, giving the rock a dk. 
color, intlam. at top of the int. with Sh., as 
above. 


Core #2: 3074-3079 (rec. 2.6 ft.) 


Thickness 


2'6" 


Description 


Sasi reclcepowirre.iotz., t. or. to v. Tf. cr., well 
sorted, a., v. good porosity, friable, micaceous, 
sideritic, abundance of smail black grains scat. 
throughout (coaly material), some rare lenticuler 
dk. Sh. partings are intlam. 


Core #3: 3079-308].(rees. 29ft.) 


Thickness 

2° or 
Cores #4 and 5: 
Thickness 


ora 


0! 7 


QO? 3)" 
One 
Pie 


Description 


S.S., as above, but no sh. partings intlam. 


3083-3096 (rec. 3.6 Sige 


Description 


Sh. ; med. edke grey, micaceous, silty, glossy, 


carbonaceous material v. common, sl. loose, showing 


a dip of about 40°. 


S.s., yellowish arey, as above, but almost no black 


Sh., as above, also showing a 40° dip. 
S.S., aS above, but no coaly particles 


S.S., aS above, presence of some c. to V. Cc. 
grains and silt decreasing the porosity. 


Coaly particles and thus the rock color is lighter. 
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Core #6: 
Thickness 


O)U Gt 


3! 7 


AUS 


Core #7: 
Thickness 


dee 


Core #8: 
Thitkness 


Deptt 


Goon 


Core #9: 
Thickness 


Ou6e 


10] 


3096-3113 (rec. 14 ft.) 


Description 


SJs. , 'yervowisngrey? qtz*, "fF. ‘ar. “but ‘also ‘some 
rare Vv. c. angular grains, well to v. well sorted, 
a., or r., Vv. good porosity, v. friable, micaceous, 
presence of one seam (1" thick) of Sh., med. dk. 
grey, micaceous, silty, dull, well indurated. 


S.S., aS above but presence-of silt decreasina s1. 
the porosity, intbd. (beds up to 2-3" thick) with 
she, med. bluish grey, micaceous, silty, dull. 


Soe mowish Orey, Gtz.5 tT. OY. bute also 
presence of c. grains, well sorted, r., v. good 


‘porosity, friable, micaceous. 


3113-31aterécs Wis rat 9) 


Description 
S.S., aS above, presence of long brown remains of 
wood, 


3131-3144 (rec. 12.5 ft.) 


Description 


Si Sag VOM OWISh ere uotz =e tg si. sTity in 
part, r., v. good porosity, friable, micaceous, 
presence of rounded dk. arey sh. pebbles (up to 
1/2" long); at top of the int., a (2" thick) seam 
of Sh.', dk. ‘grey with ‘sl.* greenish’ cast. 


San yeliowisn qrey tomeds grey, quiz. 1. ‘ar. 

but also presence at base of c. size arains, v. 
well sorted, r., v. good porosity, friable, - 
locally presence of v. small black particles (coaly 


material ?) giving the rock a darker color. 


3144-3146 (rec. 2 ft.) 


Description 


S.s., color is banded, dk. yellowish brown or It. 
grey depending on 0. s., v. f. gr., sl. silty, 
fairly well sorted, a., fair to good porosity, 
friable, alternatively not o. s. or highly o. s. 
depending upon silt content. 
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Thickness Description 


1! 6# S.s., yellowish grey to dk. yellowish brown, qtz., 
f. to med. gr., wel! sorted, a., v. aood porosity, | 
sl. friable, some qtz. grains in locally sl. iron 
Stained, 0. s. in part, laminae appear at top 
indicating a 10° dip. 


Core #10: 3147-3160: (rec. 5 ft.) 


Thigkgess Description 
ORS he S.S., as above, but mottled (mod. yellowish brown 


patches), presence of black nodules of coaly material. 


0°75 S.S., mottled as above but patches are dusky 
-yellowish brown, giving the rock a darker color. 


3°10" Sh., dk. grey, micaceous especially on bedding 
planes, silty, dull, black carbonaceous material 
scat. throughout, hard, intlam. or thinly intbd., 
Hoy. recularly., With S.S..°V. lt. grey, @tz., ¥. 


f. gy., v. silty, a., poor porosity, well indurated, 
xbdq. in part at base. 


Richfield McLennan F 10-32-41-1244 (KB 2295) 
Core #1: 2959-3989 (rec. 26 ft.) 
Thickness Description 


hee S.s., It. grey, gtz. with autnicgenic overgrowth 
AN Dat tanVeat.-G¥n .1Sldt¥e.. POoOriyesorteds..a.47 poor 
to fair porosity in part, well indurated, v. sl. 
glauconitic, micromicaceous, considerable amount of 
carbonaceous material highly disseminated or in 
nodules up to 1/2" diameter, brown colored wood 
fossil remains up to several inches lono common. 


aa" S.s., to Sltst., as above, mottled 1t. grey to 
yellowish grey, also abundance of carbonacecus 
material, loose. 


aaa Sh., from It. grey to med. dk. grey, micaceous, v. 
Silty, dull, carbonaceous material common, pyritic, 
hard, intlam.-with Sltst.,)v..Jti-grey.,.micro- 
micaceous, carbonaceous material disseminated, 
sparse worm borings filled with sltst. 


1? Oo" Sn Sf PAleyOd 1 VCs OtZe ice fax Fhe SAITY spOhG. 2b Baie 
poor to fair porosity, v. sl. calc., well indurated, 
f. pyritic, carbonaceous material scat. throughout 


common. 
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Thickness Description 


eis Sh., black, si. silty, glossy, pyritic, hard, coaly 


flecks and streaks, with rare irregular laminae of 
htStas lt 4 gney.. 


4'y" Sh., med. grey, dull, pyritic either in small nodules 
or in thin rods (up to 1" long), carbonaceous material 
scat. throughout, hard. 


1*6* S.S., It. olive grey, qtz.-with considerable authi- 
genic .overcnovth, v. sf. grasistlty,.arg., a., poor 
porosity, well indurated, abnt. carbonaceous material 
scat. throughout, heavy o.s. 


2 Why: Sh., black, with abnt. coaly flecks and streaks, 
-giossy, smooth broken surface, hard, intbd. with 
Coal. 

1° 4" RIGS Ce VOULOWTS hh eC ney, sas (Ra uedtZastarg.s hard, 
pyritic, carbonaceous material common. 

La Sh., black, intbd. with Coal, as above. 

jd ky ST Us tay eeraney. sy OtZ 2, medarc., ard., sili. calc. , 


well indurated, sparse small nodules or pyrite, 
with coaly flecks and streaks, intbd. esnecially 

at base of the int. with black Sh. whose thickness 
of beds does not exceed 2-3 inm. 


ad lies Uke UTeymLO Mldce. wismatly Six SsiTity but the 

content in siit may increase considerably in part 
making appear thin lensoid, 1lt. arey seams, glossy, 
smooth broken surface, small elongated pyritic 
patches on bedding planes, intbd. at top of the 
int. with thin beds of Coal. 


we Sh., 1t. bluish grey, silty, dull pyrite common, 
sl. indurated. 


Core #2: 2989-2999 (rec. 9.8 ft.) 
Thickness Description 


Bt5" Sh., 1t. grey becoming darker at base, silty, dull 
scat. carbonaceous material, pyrite common either 
in nodules or in thin seams, micaceous, well indu- 
rated, minor slickensiding at base. 


133 Sh., dk. grey, micaceous, silty, dull rough broken 
surface, sl. pyritic, sparse carbonaceous material, 
hard, intbd. or mainly irregularly intlam. with 
Se SerspVantte, GF. 0 od tot. egreyish, orange »GtZiet, 
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Thickness Description 


arg., fairly well indurated, scat. 0.s. through- 
out, sbdg. appears in part. 


Core #3: 2999-3009 (rec. 10 ft.) 
Thickness Description 
TORO? Sh., dk. grey, intlam. with S.s. to Sltst., greyish 


orange, as above, thick s.s. seams are also inthbd. at: 
1 O2eatthicknesss6" ) 
W 


3'T0" ( A") 
6! g" ( " 8") 
7'10" ( iT] +18") 
Core #4: 3009-3019 (rec. 8.8 ft.) 
Thickness Description 
8's" Sis. to Sltst.,cas. above; intlamcwith. Sho, as 


above; thick oil saturated S.s., as above, are 
also, intbdceat: 


1! 1" (thickness ai 

1' 719" ( iT) 7" 

De 1A" ( nN 10") 

4! gi! ( " 3%) 

Singec | 8") from the top of 


tne int. 
Hudson's Bay et al. Bellshill Lake 1-33-41-12W4 (KB 2283) 
Core’#1: 2973-303 18 (recod3sy¥ti) 
Thickness Description 


gry" Sissinv.\ faegrés to Sitstesiyellowish)grey, qtz., 
dis THM, MiCACeOUS, Si. 0..S... intlam. or thinly 
intbd. (mainly irregularly) with Sh., greyish black, 
micaceous, silty, abnt. bituminous material, sl. 


loose. 


Oe S.s., mod. yellowish brown, qtz.with authigenic 
overgrowth in part, v. f. gr., silty, a., fairly 
well sorted, good porosity, sl. loose, 0. s. scat. 


throughout. 


O 9s ise- Sitst., It. grey, qtz., a., well indurated s]. calc., 
515. pyrities | stvistderitic ,jmicaceousgusiicog’s., 
abundance of carbonaceous and bituminous material 
making thin regular dk. laminae. 


O° 2: Vee S.s., mod. yellowish brown, qtz., with authigenic 
3 overgrowth, v. f. gr., silty, a., poorly sorted, 
firm, micaceous, highly 0. s., intlam. (mainly 
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Thickness Description 


irregularly) with Sh., greyish black, micaceous, 
silty, oily, friable, abundance of carbonaceous 
and bituminous material. 


be.ae Sh., greyish black to med. grey, micaceous, silty, 
carbonaceous material in part, dull, fairly well 
indurated, thinly intbd. or intlam., mainly lenti- 
CUTEIIY Wit) 95505 Ve 1. Giz *tO Stest., It: grey 
to greyish orange,-qtz., a., fair porosity, firm, 
micaceous, Sl. 0. Ss. Bed thickness variable from 
the thickness of a laminae up to 1"3 at 1'10" from 
the base of the int., shale makes up irregular bodies 
throughout the s.s. 


18? oS Ser nOGs “YELLOW Si DOWN. CUZ. 5 Ve Te rdts 5 a. 
well sorted, good porosity, sl. friable, 0.S. scat. 
throughout, xbdq. in part, some irregular bodies of 
Dlack so. abe Seat. .cnrougnout the s.s., at 5" from 
the top of the int. a 3/4" black seam of Sh., med. 
grey, micaceous, silty, carbonaceous material common, 
dull, sl. loose. 


bl a Sh., med. grey, micaceous, silty, carbonaceous 
material common, dull, fairly well indurated, intlam. 
or thinly intbd., mainly irregularly with S.s., mod. 
yellowish brown, atz., f. gr., silty, fairly well 
SOPted, Ni, COOUTDOros hey, St. 1Q0SG, "Si. .0s See 


xbdg. 

a fi S7S.4..m00. Yer FOWLSN  DrOWNs ClUZea (Vv. T. “. 5 "a. 5 
well sorted, good porosity, sl. friable, micaceous, 
niahly 0. “$. 

Oo" Missing (removed for Bacteria Studies) 

| eet S.S., greyish orange to mod. vellowish brown, atz., 


Vier OTs ST Oy, OOO SOL ING. .n. satdii BOTOsT LY. 
fairly well indurated, micaceous, sl. 0. s., intbd. 
with v. irregular bodies of Sh., med. dk. grey, 
micaceous, silty, dull pyrite common, well indurated, 
s.S. becomes more prominent and more highly o.s. 


at base. 
o'4" Missing 
Clee HN S.S., dk. yellowish brown, qtz. with authigenic 


overgrowth in part, v. f. or., silty, fairly well 
sorted, a., fair porosity, fairly well indurated, 
nichly70; Ss. 
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Thickness 


4'5" 


arg" 


6t3 


Tower Killam No. 


Description 


Sisst, yellowishygrey,uotzisiv. F aroeyesiltys 

well sorted, a., fair porosity, well indurated, v. 
$1.900¥S.3 -S.$. Includes thin beds or pebbles of 
Sh., dk. grey, micaceous, sl. silty carbonaceous 
material common, dull, well indurated. 


S.s., mod. yellowish brown, qtz., f. gr., well 


——— 


sorted, a., v. good porosity, friable, o.s. 


SsSae Yellowish: grey, atzZegcfinardy si. silty, 
we!l sorted, a., v. goed porosity, sl. friable, 
Si. mitaceous,inspartyey. si. o..s. = At 2°3" from 
the top if the int. a 5" seam where s.s. is thinly 
intbd. (very irregularly) with Sh., dk. grey, mica- 


-ceous, silty, dull, sl. pyritic in part, well 


indurated. At 5'9" from the top of the int., shale 
makes up very irregular pebbles (on 1" thickness). 


1 5-18-42~13W4 (KB 2284) 


Core #47: 2963-2959 (rec. 2.3 ft.) 


Thickness 


Bee 


Description 


Sst, tt. orex, atzegre. arigeviapoorcporosity, 
si. calc., arg.; wel! indurated, glauconitic, 
micaceous, abundance of black carbonaceous material 
scat. throughout, iron staining (siderite), intlam. 
with Sh., med. dk. grey, micaceous, silty, with 
coaly flecks and streaks, snreds of white mica 
especially on bedding plances; xbdg. in part. 


Core #48: 2969-2977 (rec. 9.6 ft.) 


Thickness 


Q9'6" 


Description 


Sltst., 1t. grey to dusky vellow, mottled, alauco- 


nitic as above, thinly intbd. with Sh., as above; 
sh. becomes prominent and darker toward the base; 
xbdg. v. common. 


Core #49: 2977-2985 (rec. 8.7 ft.) 


Thickness 


5'6" 


Description 


Sltst., It. grey, mottled in part, qlauconitic, 


as above, thinly intbd. mainly irregularly with Sh., 
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dk. grey, as above, sltst. becomes prominent at base. 
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Thickness Description 
o's" Sltst.,; 1t. grey, glauconitic, as above, some rare 
"patches" of irreqular laminae of dk. arey Sh., 
as above. 
255 Sh., dk. grey, alossy, smooth broken surface, nodules 


of pyrite (up to 1/2 inch} are common. 


Core #50: 2985-2993 (rec. 5.10 ft.) 


Thickness Description 
g* 5" Sh., dk. grey, as above. 
EO by Sh., dk. grey, as above, v. irregularly intlam. 


WheOyS. Sard] tenigneyout, gr.s7a. 
Core #51: 2993-2998 (rec. 3.5 ft.) 
Thickness Description 


Sh wi S.s., yellowish grey to dusky yellow, atz., v. f. 
gr., very silty in part, well sorted, a., poor to 
fair porosity, si. calc., well indurated, v. sl. 
glauconitic, micaceous, black coaly material, v. 
common, sl. o. s. in part, a few laminae of dk. 
sh. appear throughout. 


Core #52: 2998-3004 (rec. 4.6 ft.) 
Thickness Description 
4'6" S.S.,5 aS above, although pyritic and sideritic, 


intlam. or v. thinly intbd. with Sh., med. grey, 
micromicaceous, sl. silty, dull, firm. 


Core #53: 3004-3010 (yeeutS.d4a Pk, ) 


Thickness Description 
Bice SAtst. an lis grey, qtz., Vv. poor porosity, fairly 


aro. loose, micaceous, coaly material scat. through- 
out, thinly intbd. with Sh., as aPBYS: abundance of 
coaly material. 

395 Sh., dk. grey, v. sl. sandy, silky, loose, abundance 


of black carbonaceous material, intlam. or thinly 
intbd. with Coal. 


Core #54: 3010-3016 (rec. 2.4 ft.) 
Thickness Description 


re S.S., yellowish grey, qtz., with authiaenic 
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Thickness Description 
overarowth, Vv. f.. gV., Stitys d.. tairly well 
sorted, fair porosity, well indurated, black carbona- 
ceous material scat. throughout, brown iron staining. 


Core #55: 3016-3024 (rec. 9.4 ft.) 


Thickness Description 

(aah Sh., black, glossy, smooth broken surface, with 
coaly streaks, friable. 

y'4" S25. 5 yellowish grey, as above. 

1yOe SiiSk. ,oltaeOhive grey, gtz., r., Vv. poor porosity, 
-calc., hard, micaceous, v. sl. glauconitic. 

ia Sh., dk. grey, glossy, smooth broken surface. 

o'9" Sh., dk. grey, micromicaceous, silty, dull, sl. 


oyritic, abundance of coaly flecks, firm, v. irregu- 
larly inebasewithebenticulayo.Ss, Jt. grey, qtz. 
with authiaenic overgrowth, v. f. gr., v. silty, 
almost non porous, well indurated, f. coaly material 
scat. throughout. 
goal ai Sh med. dk. grey, micromicaceous, glossy, v. 

lo 

Core #56: 3024-3027 (rec. 3.8 ft.) 

Thickness. Description 


12.0" Ls., vellowish grey, sublithographic, no apparent 
porosity, some rare black carbonaceous material. 


1aOe Sh., black, silty, dull, relatively smooth broken 
surface, v. $l. glauconitic, loose. 


Loe Sh., greenish grey, micromicaceous, v. silty, dull, 
coaly material flecks in part. 


Q18% Ls., yellowish grey, as above, v. sl. glauconitic. 


Core #57: 3027-3035 (rec. 9.1 ft. ) 


Tnickness Description 
Baad Ls., yellowish grey, as above. 
een Sh., greenish grey as above, sh. Calc. 7 Vaneoiable, 


pyritic, minor slickensiding in part. 
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Core #58: 


Thickness 


Sil 


Core #59: 


Thickness 


wey 


POT 


Ces 


Core #60: 


Thickness 


6'0" 


Core #61:: 


Thickness 


Ae 


ese 


Core #62: 


Thickness 
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puso suds aires. on. 11 f&.:) 


Description 


Sitstase yellowish: grey to tt. arey, atzs, ard. 
calc., well indurated, micaceous, sideritic, pyritic, 
some rare black carbonaceous material scat. throuqgh- 
out, intlam. or very thinly intbd. with Sh., med. 
grey, micaceous especially on bedding planes, silty, 
black, carbonaceous material scat. throughout, hard. 


3043-3049 (rec. 6.3 ft.) 


Description 
sltst., thinly lenticularly intbd. with Sh., as 


-above, pyritic. 


See ied Oke TOKE IS Va Sulty, dull st. pyritic, 
with coaly flecks and streaks, loose. 


SSE eV ae hoe eGVeV Wh Seg biel ONG coheShiy HID LG, 


micaceous, sl. pyritic, sl. sideritic, black carbo- 
naceous material scat. throughout. 


3081-3087 (rec. 6 ft.) 


Description 


Sh-, greyish black. silty, dull pyritic, firm, 
thinly intbd. with lenticular Sltst., v. 1t. grey 

to med. grey, qtz., v. poor porosity, calc., (highly 
calc. at top, calcitic cement), v. well indurated, 
micaceous, abundance of carbonaceous material scat. 
throughout the rock, shale becomes prominent at base. 


3087-3095 (rec. 5.10 ft.) 


Description 


Sh., as above, thinly intbd. with lenticular Sltst., 
as above, highly calc. (calcite cement), sh. becomes 
prominent toward the base. 


Sh., dk. grey to med. bluish grey, micromicaceous, 
dull, pyritic, abundance of coaly material. 


3095-3103 (rec. 4.2 ft.) 


Description 


Sh., as above, thinly intbd. with Sltst., mod. 
greenish yellow, giz, vi7f.or-;, sl. friabte. 
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Thickness 


3 5" 


Core #63: 


Thickness 


ors" 
5'9" 


Core #64: 


Thickness 


5'9" 


Core #65: 


Thickness 


7 NOs 


Core #66: 


Thickness 


ALUN. 


Core #67: 


Thickness 


pat 
(UB 


Core #68: 


Thickness 


3'Q" 


Description 
Sh. » med. dk. grey, micaceous, silty, glossy, 
micropyritic, black carbonaceous material in part, 
v. hard, 
3103-37097 (rec. 6 ft, ) 
Description 


Sh., med. dk. grey as above. 


S.s., mod. yellowish brown to dusky brown depending 
UoOWOu St. Gotz gev., fT. Gta torsilt, poorly sorted, 


A., fair to good porosity, well indurated, micaceous, 


Sie pV TILVe, NiGhly..0.-S, Inspart. 


SIN9- Sl au (ree. 5. ft.) 
Description 


Sh., dk. grey as above, intbd. (beds up to several 

inches thick) with S.5.5.duskycbrown, highly o. s. 
as above. 

3114-3122 


tree, 7° Ft.) 


Description 


Sir. «cK, with § 


brown, highly o. s. 


qrey as above, intbd. 255.5 dusky 


as above. 
B123-Slc7) (rece 4ucutes) 
Description 


As above, but S., presence of worm 


S25. 1s less 0. 
BOrmngs (2). 6 
3127-3135 (rec. 7.8 Ft.) 
Description 
As above, sb. becoming prominent at base. 


SH ity, 


SoSee Vel lomsnadvey, Gez..°V.. f. Ors. Si. 
friable, 


A., Vv. well sorted, v. good porosity, sl. 
micaceous. 


3135-3143 *( rec! 8.6 “Ft. ) 
Description 


S.s., yellowish arey as above, 0. s. in part. 
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Thickness 


Zeer 


Cone 


Core #69: 


Thickness 


546" 
Core #70: 


Thickness 


Oey 


uo 


Core #71: 


Thickness 


}pe af 
6'5" 


Core #72: 
een 


Core #73: 
A ey 
pe ee 


Description 


S.S., aS above, although more silty, thinly intbd. 
with Sh., med. dk. grey, micaceous especially on 
bedding planes, silty, dull sparse black carbonaceous 
material, hard. 


S.s., vellowish grey, pale yellowish brown at top, 
Fopovazses tity, ev, well sorted, r., v. aood porosity 
except at top (almost non norous), calc., highly 
calc. at top, generally friable but hard at top, 
sl. pyritic, rare black carbonaceous material scat. 


throughout. 


3143-31511 (ree. (5.6 Ft) 


Description 


S.Ss, yellowish grey, as above. 


Biel 3159 rec, 2. le rt,) 


Description 


S.s., yellowish grey, as above, some c. grains 
OF =Gtz. 


3159-3167 (rec, 7.6 ft.) 


Description 
S.s., yellowish grey, as above. 


Sh., pale yellowish brown with sl. greenish cast, 
micaceous especially on bedded planes, v. silty, 

in part sl. loose, chlorite (?), abundance of black 
carbonaceous material, v. thinly intbd. with S.s., 


yellowish grey, gtz., f.or., silty, well sorted, 


a. good porosity, “Triaple,; sl. 0. Ss. In part, 
some s.S. seams are up to i0" thick. 


SIGS MeO. ay. eite.) 


Sh., as above (abundance of chlorite giving a greenish 
color), thinly intbd. with S.s., as above, sbdg. 
common. 


31/5-21e4 (rec. 25. Sent.) 


Sh., as above, thinly intbd. with S.s., as above. 


SS cee) te Grey .edtz../7. or.,9 Ve Stilysapoonly 
sorted, r., poor to good porosity depending upon 
silt content, well indurated, micaceous, black 
carbonaceous material scat. throughout, presence of 


some rare laminae of black sh. 
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Core #74: 


Thickness 


Fels 


Core #75: 


Thickness 


5'9" 


Core #/6: 


Thickness 
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3184-3192 (rec. 7.1 ft.) 


Description 


S<S., Vv. It. grey, as above including at top 
rounded pebbles (up to 1") of Sh., med. dk. grey, 
micaceous, silty, dull, fairly hard, carbonaceous 
material. 


3192-3200 (rec. 5.9 ft.) 


Description 


S.S., Vv. It. grey, as above, including rounded 
pebbles of Sh., med. dk. grey as above, pebbles are 
small at top (3-4 mm) but they are up to 1 inch 

at base. 


3200-3205 (rec. 3.5 ft.) 


Description 


S.s., yellowish grey, qtz., v. well sorted, r., 
v. good porosity, calc., well indurated, micaceous. 


Susu, ts Diuish grey (qtz-),) rounded, .f. ar, 
also presence of rare coarse arains, v. poor porosity, 
Vv. Cale. tacludesabnt.-r. pebbles of Sltst., greenish 


grey, atz., v. arg., well indurated, micaceous, 
black carbonaceous material scat. throughout. 
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Abbreviations used in core descriptions 


a 


shale 
siltstone 
sandstone 
limestone 
argillaceous 
calcareous 
quartz 
interbedded 
cross-bedded 
cross-bedding 
Taminated 
cross-laminated 
very fine 
fine 

medium 

coarse 

very coarse 


grain (ed, s) 
angular 
subangular 
subrounded 
rounded 

well rounded 
abundant 
dark 

feet 
interval 
light 


moderately 


oil stain (ing) 
recovery 
scattered 
slightly 
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Figure 


Figures 2 and 3 
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Figure 
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PIRATE, 1 


a en 


Ellerslie Member; silica cement occurring as authigenic 
overgrowth in optical continuity with quartz grains, 
note a thin film of impurities marks the boundary 
between the detrital qrain and the authiqenic over- 
growth; also note only a few inclusions in the 

bt sren a (5-18-42-134, 3201 ft.), crossed nicols, 
X124, 


Ellerslie Member; showina calcite cement replacina 

quartz grains; calcite polarizes in higher Order colours when 
replacing quartz (see edges of grains), (5-18-42- 

13W4, 3204 ft.), crossed nicols, X124. 


"Calcareous" member; argillaceous limestone with 
ostracod, also note presence of quartz grains (5- 
18-42-13W4, 3028 ft) piane light, X124, 


"Calcareous" member; showing clay “concretion” 
included in sandstone (10-32-41-12W4, 2972 ft.), 
plane light, X31. 


"Calcareous" member; showing calcite cement re- 
placing quartz grains and silica cement (7-19-41- 
VWa CU Det tel ae CKOSSeCd DICOISs X24. 


"Calcareous" member; contact between two sedimentary 
units; "laminae" in jower unit are not parallel to 
the base of the upper unit (coarser grained) (7-19- 
AV=12W4 , 3026 Ftz)y. crossedentcargs.: X31. 


Channel sandstone; matrix composed of clay, iron 
oxide and quartz, making up a thin bed, note 
presence of rounded grains and angular grains in 
coarser part (3-12-41-12!4, 3252 ft.) crossed nicols, 
KF. 
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Figure 


Figure 
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PLATE. II 


Thin Section Photomicrographs 


Channel sandstone; showing thin films of matrix 
(essentially clay) around quartz grains (4-15- 
AT=12W4, 3129. ft:),@plane light, X3i: 


Channel sandstone; showing calcite cement replacina 
quartz grains, note "skeleton" of replaced grain in 
centre of picture (4-15-41-12W4, 3129 ft.), crossed 
nicols, X124. 


Channel sandstone; showing distribution of grains in 
laminae, note variation in grain size (8-15-4]-]2W4, 
31 400ft.), -evossedenicols:, X3l. 


Channel sandstone; homogeneous thin section repre- 
sentative of most of the samples from channel; Grains 
mostly subangular (13-16-41-12"4, 3055 ft.), crossed 
nIPCcols. oils 


Channel sandstone; sandstone cemented by calcite, 
abundance ef chert (13-16-41-12W4, 3059 ft.), crossed 
nicols, X3l. 


Channel sandstone; showing muscovite compressed between 
quartz grains and taking, because of its plasticity, 

a fan-like shape in intergranular space (13-16-41- 
12W4, 3059 ft.), crossed nicols,. X124. 


Clearwater Formation; example of secondary cement: 
calcite cement is filling up spaces between grains; 
grains are mostly contiguous (4-15-41-12W4, 3050 ft.), 
crossed nicols, X124. 


Ellerslie Member; example of primary cement, grains 
"Float" in cement (5-18-42-13W4, 3204 ft.), crossed 
nicols... AS 
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Figure 6. 


STRATIGRAPHIC CROSS SECTION Il. 
MARWAYNE HEFFEL N° 7-36 to GRASS LAKE N%-19 


Vertical scale : 1" =100ft, Horizontal scale :1'=0-5mi. 


lexept when the distance between two wells is less 
than 1-57 mile. 


G.L.Cartier, 1976 


SNOSJDVLIIYD YMO1 


a) [!AUUD Wy 


dnoug 


NVINOASG ddddl 


V7 : 


Ly) 


oa 
ay es 


= 7) 

i) 2 
RM 

777 ene \ 


LOWER CRETACEOUS ISOPACH MAP toose of Fish Scale Marker toSub-Cretaceous unconformity) Cw nterburn Forma eal 
AND t as. 
0 | 3 4 


Pre-MANNVILLE PALEOGEOLOGY MAP fiom Alberta 060.8) 
BetesHitt Lake Area, ALBERTA. 2 wrt nm mt 


Walle dry in tha Mannyvillo 


Skewness 


Standard deviation 


| Figure 13 

PLOTS OF STATISTICAL SIZE 

_ PARAMETERS FOR ENVIRONMENTAL 
RECOGNITION _ COMPARISON WITH 


FRIEDMAN RESULTS (1961.1967) 
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STRATIGRAPHIC CROSS SECTION IV. 


KILLAM N°10-4 to CPOG NW KESSLER N°7-7 


Vertical scale:1'=100 ft., Horizontal scale: 1"= 0-5 mi.(exept 
when the distance between two wells is less than 1:57 mi. 


G.L.Cartier, 1976 
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Figure 5. 


STRATIGRAPHIC CROSS SECTION IL 


EXPLORATION PACIFIC 


HARDISTY N° 4 


| 
Vertical scale: 1"=100ft., Horizontal scale: 1'=0-5 mi. 


(exept when the distance between two wells is less 
than 1-57 mile) 


G.L. Cartier, 1976 
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Datum: base of Fish Scale Marker 
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GALAHAD N°3 to KIDD CHARTER SEDGEWICK N°10 


STRATIGRAPHIC CROSS SECTION 


‘57 mile) 


O-5mi.(exept 
GL. Cartier, 1976 


n the distance between two wells is less than 1 


Vertical scale : I= 100 ft, Horizontal scale :1' 
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Figure 2. Structure Contour Map OF Pub 


Contour interval 25 feet. 


A 
A 


ANY 
@e00@ @ 


“Ay, 


Figure 8. 
A\Y Mu M S 
Catcareous” Memper Facies Map SHOWING 
Position Or Cross SECTIONS. — Scoleinmies 


Wells producing from the Mannville 


© Wells dry in the Mannville 
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